A Numerical Investigation of Traffic-Related Pollutants in an Urban Area. by Lim, Ling Ling.
A  N um erical Investigation  
OF T r a ffic -related  
Pollutants  in an  
Urban  A rea
by
LING LING LIM
Submitted for the degree of Doctor of Philosophy
Department of Civil Engineering 
School of Engineering 
University of Surrey
February 2004
© Ling Ling Lim 2004
ProQuest Number: 27694020
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com plete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 27694020
Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
A bstract
The aim of this research was to investigate an alternative approach to link widely 
used air quality tools. The thesis describes the development of a new, flexible 
framework, which is efficient and requires minimal system requirements. The 
framework was implemented through the prototype software IMPAQT (Integrated 
Modular Program for Air Quality Tools).
The main objective of IMPAQT was to aid transport/environmental planners by 
increasing the efficiency of air quality assessments. IMPAQT facilitates and 
automates the generally time-consuming and labour intensive procedures. IMPAQT 
is a modular system and was developed with no knowledge of the underlying codes 
of the air quality tools used. This means that IMPAQT is compatible with and has 
the flexibility to incorporate different air quality tools and models. IMPAQT was 
further developed to include two new tools. First, to check for population exposure 
to various pollutants and second, to test the air quality impact of alternative traffic 
scenarios. Both tools could run independently or in combination with the rest of the 
interface modules within IMPAQT.
IMPAQT was tested through a series of parametric studies to verify its functionality 
and to check the validity of the results. It was then applied to several case studies 
using a transport model, a dispersion model and a GIS. IMPAQT was used to 
compare predicted results with available monitoring data. It was also used carry out 
air quality assessments and to test traffic scenarios. These were completed 
efficiently and in a shorter time compared to the methodology currently adopted by 
local authorities.
Finally, some ideas to further enhance IMPAQT were presented. This included the 
integration of other air quality tools, further analysis of the results, the addition of 
new traffic scenarios and dissemination of the results to the public via web-based 
applications. Air quality assessment is a long-term government objective. The work 
undertaken in this thesis has demonstrated that there is a need for a flexible 
framework such as IMPAQT. Furthermore, there are many applications in which 
IMPAQT can be used to assist with both current and future air quality assessments.
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P A R T I
T hesis  Over view
“An estimated 3 million people die each year because of air pollution; this figure 
represents about 5% of the total 55 million deaths that occur annually in the world. 
It is possible, because of uncertainty in the estimates, that the actual death toll is 
anywhere between 1.4 and 6 million annually.”
Fact Sheet No 187 
WHO, 2000
Introduction
1.1 Air pollution problem
Air pollution can be defined as an atmospheric condition, in which natural or man- 
made concentrations of airborne substances exceed their normal ambient levels, to 
produce significant effects on human, animals, vegetation or materials (Seinfeld, 
1975). It is present virtually everywhere, but has only become a serious problem in 
the last two centuries. The population boom and mass industrialisation of the last 
200 years has produced a significant amount of pollutants. It is estimated that these 
activities released approximately two billion metric tonnes of atmospheric pollutants 
per year worldwide (Arya, 1998). Thus, air pollution is a major concern throughout 
the world.
Many worldwide and countrywide organisations have been set up to tackle global 
and regional air pollution. Over the years, regional transport of pollutants across 
large areas (which exceed 100 km) is believed to be the cause of world climate 
changes (Arya, 1998). However, poor air quality at an urban scale is currently of 
great concern, especially to local government agencies. Urban areas are mostly 
industrialised, traffic-congested and densely populated. Hence, the general public in 
these areas are more exposed to pollutants from industrial sources, transport 
emissions and heating systems than their rural counterparts.
The process of assessing the exposure levels of atmospheric pollutants on the 
urban population is both complex and time-consuming. It is therefore useful to 
break the large problem into three main components, namely the pollutant source, 
its pathway through the atmosphere (including chemical transformation) and the 
location, form and vulnerability of the receptor (Figure 1.1).
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Figure 1.1: Air pollution problem
The main sources of air pollution in an urban area include industrial processes, 
waste treatment and the combustion of fuels, particularly from transport and heating 
systems. These emit pollutants such as sulphur dioxide (SO2), nitric oxide (NO), 
carbon monoxide (CO), methane (CH4) and particulate matter (PM). The pollutants 
are dispersed in the atmosphere, where some react with other chemicals in the 
environment to form new pollutant species. Some examples of chemical 
transformations are the oxidation between NO and ozone (O3) to form nitrogen 
dioxide (NO2) and the conversion of CO into carbon dioxide (CO2) in the 
atmosphere. This process becomes a problem if elevated levels of pollutants can 
then reach receptors such as people, vegetation, animals and buildings. However, 
the main focus of concern is generally for people, in particular, the vulnerable 
sections of society such as children and the elderly.
In the early 1990s, the main source of airborne pollutants in many urban areas 
throughout the United Kingdom was attributed to traffic (Quality of Urban Air Review 
Group, 1993). Recent researchers (Raub, 1999; Künzii, et al., 2000; Mitchell, et al., 
2000; Neas, 2000) have linked pollutants from traffic-related sources to various 
health risks such as breathing disorders and heart disease. As a result of these
Chapter 1: Introduction
Traffic-related pollutants in an urban area February 2004
health implications coupled with high population growth and increased vehicle 
usage, local authorities are required to implement new transportation strategies, to 
help improve urban air quality.
Before any air quality management schemes can be implemented, the basic 
components of the investigation into traffic-related air pollution problem has to be 
identified. In this case, pollutants such as nitrogen oxides (NO x), volatile organic 
compounds (VOCs), PM and CO are emitted as a result of combustion processes in 
both petrol and diesel motor engines (Figure 1.2). Some of these pollutants are 
chemically transformed and dispersed in the atmosphere before reaching members 
of the public.
CHEMICAL 
TRANSFORMATION 
NO + 0 ^  NO; 
NO + O3 N0;+  O; 
etc.
POLLUTANTS 
NOx, VOCs, 
PM, CO, etc. ATMOSPHERE
DISPERSION
EMISSION SOURCES RECEPTORS
nn
PeopleTraffic
Figure 1.2: Traffic-related air pollution problem
The mechanisms responsible for this dispersion from emission source to receptor 
are extremely complex as many factors are involved. One of these factors is traffic 
flow information, which is predicted from transport models or monitored by the local 
transportation agency. Furthermore, information describing local conditions, such 
as meteorology, the built-up area and terrain are also required. These factors are 
monitored by government agencies or are available through maps and influence the 
way pollutants from road sources are chemically transformed and dispersed.
In addition to reliable source data, sophisticated chemistry models and dispersion 
simulations are necessary to analyse the numerous dispersion pathways. Various 
dispersion packages with integrated chemistry models are available, to predict
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pollutant concentrations at specific locations over a pre-determined time period. 
These results can be verified with air quality monitoring data and then, analysed or 
used to produce pollution concentration maps.
Currently, components within the air pollution probiem are investigated 
independently, by different groups of people. For instance, a transport planner will 
use a transport model to estimate total emissions from road sources. This 
information wiil be passed on to an environment officer, who will use the data as 
input in a dispersion model. The model is then run to obtain the desired output, 
such as poliutant leveis and concentration maps. Finally, the results will be 
analysed and considered in the deveiopment of an air quality management strategy. 
In order to optimise urban traffic flows with air quality, it is vital that these 
components be linked and traffic-reiated air quality issues be addressed sooner 
during the transportation planning process.
1.2 Research aim
At present, numerical investigation of traffic-related pollutants is fragmented and 
conducted separately. The aim of this thesis is to describe a new method to link the 
components within the traffic-related air pollution problem. The link would be 
continuous, as shown in Figure 1.3. It would automatically transfer results from one 
air quality tool to another; hence increase the efficiency of air quality investigations 
and assessments. Therefore, this link could be used to aid decision-makers in 
optimising traffic throughput without causing detrimental effects on the environment.
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Figure 1.3: Linking air quality tools
1.3 Research methodology
The development of a link between air quality tools, as described in Section 1.2, was 
divided into five steps. They were:
a. To collate background information on the main tools that are used in air
quality studies;
b. To design a generic framework that links existing air quality tools with a 
newly developed decision support system. This also includes public 
exposure detection and the testing of assorted traffic scenarios;
c. To implement the design through interface modules, i.e. by linking the 
results of the air quality tools;
d. To test the system by conducting a series of parametric studies;
e. To apply the system to several case studies.
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1.4 Thesis outline
This thesis is presented as foilows.
Chapter 2 provides a review on air quality issues and related legislation in the UK. 
Following this, the main tools used in urban air quality studies are introduced. The 
chapter ends with a review of reievant studies conducted and the significance of this 
research in relation to these investigations.
Chapter 3 presents the system design for the generic framework that iinks existing 
air quality tools with a newiy developed decision support system. The requirement 
analysis and design specification are described in detail. Subsequently, the system 
implementation, i.e. the program design and implementation, is detailed in Chapter 
4.
The next two chapters. Chapter 5 and 6 are dedicated to the application of the newly 
developed system. Chapter 5 outlines the various parametric studies used to test 
this system, whilst Chapter 6 presents the results and discussion when the system 
was applied to several case studies.
Finally, the thesis is concluded in Chapter 7. Here, the conclusions and advantages 
of this project to air quality research are addressed, inciuding recommendations for 
further work in this field.
Chapter 1; Introduction
Back g r o u nd
2.1 Introduction
In this chapter, topics significant to this particular study are presented. Firstly, air 
quality issues and legislation in the UK are addressed. The next section provides 
descriptions of three widely used tools applied to urban air quality investigations. 
Finally, studies relevant to the development of an integrated air quality system are 
discussed.
2.2 Air quality issues
The general public is concerned about the deterioration of air quality, as it is 
associated with many undesirable effects. The most common and noticeable effects 
are on the atmosphere. Examples of such phenomena are visibility reduction, 
radiative effects, fog formation and precipitation, acidic deposition, stratospheric 
ozone depietion and ciimate change. Air poilution is also known or suspected to 
cause damaging effects on vegetation (crops, ornamental plants and forests), 
animals, materials (metals, building materials, fabrics, leather, paper and rubber) 
and human health. All these effects are extensively discussed in many published 
works on air pollution (Seinfeld, 1975; Stern, 1976; Stern, et al., 1984; Arya, 1998).
Although these effects are important and need further investigations, the main 
concern is the impact of air pollution on human health. Data regarding the impacts 
of atmospheric pollution on public well-being is often indirect and the findings difficult 
to quantify. However, many existing legislative frameworks, air quality strategies 
and research projects are based on population exposure to these pollutants. 
Hence, the importance of air quality effects on human health will form part of this 
chapter.
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2.2.1 Effects on human health
People have no direct control over the air that they breathe. Thus, it is no surprise 
that the principal route of atmospheric pollutants is through the human respiratory 
system. These pollutants are known to affect the respiratory, circulatory and 
olfactory systems. The effects are mostly observed in very young children (whose 
systems are still maturing), the eiderly (whose systems are functioning poorly) and 
people suffering from asthma and heart disease (Stern, et al., 1984).
One major source of atmospheric pollutants in many urban areas is traffic. A 
primary poliutant from these exhaust-fumes, which has been recognised as a 
possible threat to human health is CO. The effects of 0 0  exposure are mainly in 
the circulatory system, since CO reduces the abiiity of blood to transport oxygen 
(O2). As a consequence, CO may aggravate any existing cardiovascular disease 
(Raub, 1999). In addition, CO reduces mental performance for exposure levels that 
exceed 100 ppm/hr and in the worst case; coma or death may resuit for ievels in 
excess of 600 ppm/hr (Seinfeld, 1975).
PM is another primary pollutant from traffic. A documented impact of PM on human 
health is the increased risk of respiratory and cardiovascular diseases (Stern, et al., 
1984; Neas, 2000). It has been shown that even low concentrations of fine 
particulates (PM10) can cause changes in iung function, leading to asthma attacks 
and emphysema (Elsom, 1996).
VOCs such as benzene and 1,3-butadiene are also emitted from petrol exhausts. 
These pollutants may cause eye and skin irritation, drowsiness, coughing and 
sneezing. Furthermore, carcinogenic effects found in many VOCs can cause more 
severe heaith impacts such as ieukaemia (Elsom, 1996).
Another pollutant of concern is NO2 . NO2 is a secondary pollutant produced through 
various photochemical reactions. NO2 is transformed in the lungs to nitrosamines. 
These are compounds formed from the combination of nitrites and amines 
(produced from the natural breakdown of proteins). Most nitrosamines are known to 
be carcinogenic (Epiey, et al., 1992). Moreover, long-term exposure of NO2 leads to 
decreased respiratory function (Seinfeld, 1975) and increased susceptibility to 
respiratory pathogens (Stern, et al., 1984).
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Long-term exposures to low pollutant concentrations may not cause severe illness, 
but research has shown that they do cause irritation of the eyes, nose or throat. 
They may aggravate existing respiratory conditions such as asthma and have been 
indirectly linked to the deterioration of work performance (Arya, 1998). Hence, it is 
vital to improve urban air quality to reduce incidences of popuiation exposure. This 
can be achieved through the introduction of iegislation and emission control 
strategies, which coliectiveiy have become the driving factor of many scientific 
investigations.
2.2.2 UK Legislation
Public awareness of the adverse health effects associated with the presence of 
pollutants in the atmosphere has been the main motivation behind air quality 
legislation in the UK. Governments have been prompted to either introduce new air 
quaiity iegislation or tighten existing ones, on both local and regional scales. The 
ultimate aim of the legislation is to controi and reduce poliution levels in the 
atmosphere.
Concerns about urban air quality in the UK date back to the late 13*^  century, when 
coal was first used in London. The industrial revolution increased the production of 
coal smoke and led to the first important air quality iegislation, the Public Health Act 
1875. This act contained a section on smoke abatement, which formed the basis of 
present day legislation. The London Great Smog of 1952 led to the introduction of 
the Clean Air Act 1956 (UK Met Office, 2001). This Act introduced smoke control 
areas and prohibited the emissions of dark smoke from chimneys (Purceli, et al., 
2000).
In the early 1970s, when the UK joined the European Union, the focus changed from 
poliution problems caused by coal burning, to pollution associated with industries 
and motor vehicies. In 1971, European Community (EC) Directive 70/220/EEC 
came into force. It restricted the emissions of CO from motor vehicles. Over the 
next 20 years, the EC passed 14 directives to limit pollutant emissions. More than 
half of these directives, which focused on emissions from combustion engines, were 
adopted in the UK (Purcell, et al., 2000).
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In response to European legislation, the UK Government introduced new legisiation 
and air quality strategies, to control pollution levels in the environment. Some of the 
major air quality legislations since 1990 are summarised in Table 2.1. Much of this 
legislation was aimed at controiiing emissions from mobile, industrial and domestic 
sources. In addition to this, the UK government also adopted the “dilute and 
disperse” approach. Atmospheric dispersion processes were now taken into 
account; hence, emissions were permitted, provided they posed minimal risk to the 
general public. This was achieved by reducing the t build-up of pollutant 
concentration and allowing for the maximum dispersion of poiiutants away from the 
source (Longhurst, et al., 1996).
In the early 1990s, increasing evidence for transboundary poliution was uncovered 
(Wettestad, 2002). Poor air quality was no longer just a localised issue, but a 
regional and global problem. Additional solutions to improve air quality were 
needed. Hence, in mid-1990s, effects-based standards were added to the existing 
emissions control strategies (Longhurst, et al., 1996). The new standards were 
aimed at reducing the risk of public exposure to various atmospheric pollutants. 
Human health was again the driving factor for change in the UK legislative 
framework.
Table 2.1: Major air quality iegislation since 1990
Year Legislation Description
1990
Environmental 
Protection Act
• Established integrated Poliution Control (IPG) for 
potential polluting industrial processes.
• IPG brought many smaller emission sources under 
air pollution control by local authorities (Purcell, et al., 
2000).
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1991
RoachVehicles
Regulations
• Set standards for in-service vehicle emissions.
• Included CO and hydrocarbons tests, for petrol cars 
and light duty vehicles (LDVs).
• Introduced cleaner technology, such as catalytic 
converter use, to comply with stringent vehicle 
emission standards (Purcell, et al., 2000).
1992
EC Directive 
92/72/EEC
• Established a harmonised procedure for monitoring, 
exchange of information and warnings to be issued to 
the public about O3 pollution (Purcell, et al., 2000).
1993 Clean Air Act
• Consolidated the Clean Air Acts 1956 and 1968.
• The burning and sale of unauthorised fuels were 
restricted.
• Prohibited dark smoke from chimneys of buildings 
and industries.
• Installations of industrial furnaces have to be notified.
• Smoke controi areas may be declared by local 
authorities (DETR, 2000b).
1995
Environment
Act
• Established a national strategy to set air quality 
standards and targets for the pollutants of most 
concern.
• Provided a new statutory framework for Local Air 
Quality Management (LAQM).
• All local authorities are required to review and assess 
air quality in their respective boroughs (Environment 
Act, 1995).
1997
Air Quality 
Regulations
• Set air quaiity standards for specific pollutants.
• The levels have to be achieved by the end of the 
relevant periods prescribed in the objectives 
(Statutory Instrument, 1997).
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1997
Road Traffic 
Regulations
• Allowed seven pilot local authorities to carry out 
roadside emissions testing, issue fixed penalties to 
drivers whose vehicles fail to meet standards and 
issue penalty notices to drivers who leave their 
engines idling while stationary (DETR, 2000a).
2000
Air Quality 
Regulations
• Revised air quality standards set in the Air Quality 
Regulations 1997 (Statutory Instrument, 2000).
From the summary of air quality legislation given in Table 2.1, it can be seen that the 
law plays an important role in driving the improvement of air quaiity in urban areas. 
This is particularly demonstrated by the most recent primary environmental 
legislation, the Environment Act 1995. Part IV of this act, which pertained to air 
quality, was fully enforced in April 1997. Under this new iegislation, ail local 
authorities in England are required to produce a review and assessment of air 
quaiity in their respective areas (Environment Act, 1995). The framework for this air 
quality appraisal is better known as LAQM. The primary objectives of LAQM are to 
(DETR, 1997):
• Identify those areas at the local level where national policies appear 
unlikely to deliver the national air quality objectives by the end of the 
relevant period, set out in the Air Quality Regulations 1997 and the 
subsequent objectives amendments in the Air Quality (England) 
Regulations 2000 (Appendix A);
• Ensure that air quality considerations are integrated into the decision 
making process of local authorities for issues such as land use planning 
and traffic management.
Local authorities are now required to carry out periodic reviews of current and 
projected future levels of air quaiity. If there is an unacceptable risk of public 
exposure to atmospheric pollutants, the area has to be declared as an Air Quality 
Management Area (AQMA). Local authorities can then devise and implement 
pollution control policies and measures to improve air quality in that area. These 
considerations may be integrated into the decision making process, for issues such
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as land use planning and traffic management.
As a direct consequence of LAQM, a great deal of work is currently being conducted 
by both local and regional authorities to meet these objectives. This includes the 
development and implementation of transport models, and the application of 
dispersion models and Geographic Information System (GIS). These urban air 
quality tools are described in the following section.
2.3 Tools for urban air quality studies
Investigations into current and future air quality scenarios may involve the 
application of various tools. For instance, it is vital to have an air quality monitoring 
network to provide information on past and present ambient pollutant levels. 
Furthermore, emissions inventories and knowledge of meteorological conditions are 
necessary for dispersion models to predict poliutant concentrations. Decision 
support tool such as a GIS may also be required to produce pollution maps. Most of 
these tools, which can be adapted specifically to study ambient air quaiity, aid policy 
makers to devise, test and implement various emissions control measures. Hence, 
this section will look at some tools widely used by UK local authorities in the LAQM 
stages, namely transport models, dispersion models and GIS. The packages 
(Surrey County Transportation Model (CTM), dispersion model (ADMS-Urban) and 
ArcView GIS) used in this thesis are described in Appendix 0.1, 0.2 and 0.3 
respectively.
2.3.1 Transport models
Most local authorities and county councils in the UK, carry out transportation 
planning within their own jurisdiction. During this process, impacts from various 
transport policies and measures have to be predicted. In order to gauge these 
effects, information about the current state of urban transport and future trends have 
to be compiled. One major challenge of this is to collate data on traffic throughput in 
the local road networks.
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Numerous methods may be used to obtain these traffic data. Some standard 
techniques include conducting surveys (automatic and manual traffic counts, origin- 
destination surveys, household surveys, etc.) and transport modelling. Transport 
models make use of information from traffic surveys to predict demand levels and 
travel patterns. Consequently, the results from transport models are very useful in 
air quality studies, especially in urban areas where traffic is the dominant source of 
atmospheric pollution.
Conventionally, transport models are used to evaluate existing travel demands and 
predict the effects of transportation strategies and/or policies. Additionally, they may 
be used to (IHT, 1997):
• Forecast future travel demands from predicted changes in population, 
employment and household income;
• Modify travel demands by taking into account the constraints of existing 
transport systems;
• Estimate changes in iand-use patterns through transport accessibility 
alterations;
• Allocate travel demands to various modes of transportation, such as 
road and public transport;
• Calculate service levels of each transport mode, i.e. performance of the 
transportation network;
• Provide information on vehicle and passenger flows, and travel costs for 
operational, environmental, economic and financial appraisals.
Most transport models comprised of four major components. The four components 
are:
a. Trip generation;
b. Trip distribution;
c. Modal split;
d. Traffic assignment.
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Trip generation
The trip generation component “predicts the number of trips likely to enter and leave 
each study zone” (IHT, 1997). A trip can be defined as “a one-way person 
movement by one or more modes of trave!' (Salter, 1983). Each trip will have an 
origin and destination. Thus, it indicates movement direction and also trip 
production and attraction. An example of this is a person travelling to work. The trip 
will be begin at home (production) and end at an employment site (attraction). 
Some factors that influence trip generations are (Khisty, et al., 1997):
• Land-use: Different Iand-use produces different trip generation
characteristics. For instance, commercial or industrial areas will 
generate more trips when compared to farmlands.
• Household size: Human activities generate travel. Hence, the amount 
and frequency of trips depend on the number of people in a particular 
household.
• Car ownership: Households with more than one vehicle tend to
generate more trips than households with only one vehicle. Thus, the 
availability of transport encourages trip generations.
• Househoid income: Generally, households with larger income wiil
generate more trips than those of lower income. The abiiity to pay for 
journeys influence the number of trips made. In addition, occupants in 
empioyment will most likely have to travel to work.
• Age structure: Different age groups wiii produce different travel
demands and characteristics. Population with ages of 15 -  40 are 
expected to produce more sociai and recreational journeys than their 
older counterparts.
Generally, trip generations are predicted for an annual average weekday from 
socioeconomic data or based on historical survey information. Alternatively, 
relationships between trip generations from a typical household and observed data 
can be derived to obtain the total trips within a zone (McNaliy, 2000).
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Trip distribution
Trip distribution is the process of forming a trip matrix. The matrix contains the 
number of trips between known origins and destinations, without the inclusion of 
actual route or mode of transport. Hence, links between zones are established from 
data obtained through trip generation. The principle behind trip distribution is that 
“travel between any two points wiii increase with increase of attraction for such 
travel, but decrease as the resistance to travel increases” (Bruton, 1975).
Over the years, many numerical techniques have been developed to predict trip 
distribution. These can be categorised into the growth factor method and the 
synthetic method. The former is where growth factors are applied to current 
movements between zones. Among the advantages of this method are (Bruton, 
1975):
• It is easily understood and applied;
• It requires little input data, i.e. current trip origins and destinations; and
growth factors;
• The simple iteration process to compute trip ends in a particular zone
reaches equilibrium with the predicted trip generations quickly;
• It is flexible and can be used to distribute trips for different modes,
purposes or time.
The main disadvantage is that this method is expensive to apply as the trip origin 
and destination data have to be comprehensive. Trips where the origin and 
destination are in the same zone have to be excluded, which causes errors and 
increases the number of iterations required. Furthermore, the growth factor method 
is not applicable to areas where land-use changes are likely to occur. Hence, it is 
not suitable for urban transportation studies that undergo rapid change (Khisty, et al. 
1997).
The deficiencies of the growth factor method are resolved by the synthetic method. 
This method uses certain laws of physical behaviour to describe the relationship 
behind the reasons for travel and its patterns. Once defined, the relationship is 
projected into the future, and consequently synthesised to obtain the appropriate
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travel patterns (Khisty, et al. 1997). A major disadvantage to this method lies in its 
efficiency. The iteration process involved is lengthy and it requires high 
computational capabilities. This may be too expensive to run for simple 
transportation studies.
Modal split
Users of a transport system have a variety of travel modes to choose from. The 
modal split component predicts the proportion of travellers that use each mode of 
transportation. This may be expressed numerically as a fraction, ratio or percentage 
of the number of trips. The split may be conducted in its most basic form, i.e. 
between private and public transportation. A refinement can then be made to the 
split, such as between private cars and buses or trains (McNaiiy, 2000).
The split is normally based on the “attractiveness" of each transport mode. These 
can be affected by the nature of the (Bruton, 1975):
• Journey, i.e. length, time of day and purpose;
• Person, i.e. car ownership, income, age group, sex;
• Transport mode, i.e. travel time, cost, accessibility, comfort.
In the transportation planning process, the modal split can be carried out (Salter, 
1983):
• During trip generation, i.e. trips generated are divided into private or 
public mode based on car ownership, residential density and relative 
accessibility of public transport in the zone of origin, and distance of 
origin from town/city centre.
• After trip generation (trip end modal split), i.e. households with car 
ownership are split between private and public transport, whilst 
households without cars are capped to public mode. This assumes that 
the total trips generated are independent of the travel mode.
• During trip distribution (trip interchange modal split), i.e. relates 
distribution based on travel time and accessibility by mode. This is a
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better simulation of human behaviour,
• After trip distribution. This is the most common approach. It allows 
travel cost and service levels to be used as modal split factors.
Traffic assignment
In the traffic assignment component, trip matrices are assigned onto the various 
links (paths) within the network. The trip matrices are typically generated for an 
annual average weekday, but these are factored to a peak hour scenario, before 
assignments are carried out. This is to account for the maximum number of vehicles 
on a particular link. In addition, link capacities, i.e. operational capacities of the 
links, may be included in the traffic assignment (McNally, 2000). The outputs of this 
component are traffic volumes on the respective links within a transport network.
Traffic assignments are conducted to (Taplin, 1999):
• Assess the inadequacies of the existing transport network by assigning 
predicted future flows to the current system;
• Evaluate the effects of certain improvements to the existing system 
through assignments of future trips to the improved network;
• Test various transportation schemes through systematic and repeatable 
procedures.
Traffic assignments can be accomplished through four methods. These are outlined 
in Table 2.2.
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Table 2.2: Major traffic assignment methods (Bruton, 1975; Salter, 1983)
Assignment
method
Description
All-or-nothing
Assumes trips origins and destinations are in the zone 
centres.
Assumes route taken wiil be the one with least travel 
resistance (distance, cost or time).
Trips are assigned to the minimum path, i.e. the shortest 
route between the centres of two zones.
Simple and easily applied but may require high computer 
capabilities.
Does not account for increased congestion with increased 
volumes; or that people tend to use motorways instead of 
smaller roads.
Diversion
curve
Normally used to predict traffic that wouid be attracted by a 
new route.
Assumes each existing route has its own travel resistance 
(distance, travel time, speed or service level).
Quantifies travel resistance and examines it for two different 
routes.
Diversion curves are derived to obtain proportion of drivers 
that are likely to change to a new route.
Capacity
restraint
Account for the relationship between speed and flow on a link. 
A link wiil not have flow above its capacity.
Its initial step uses the all-or-nothing method, except that each 
link will have a specific capacity.
If capacity is reached, speeds are lowered, and hence 
become less attractive.
Process is reiterated until there are no overloaded links.
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Multi-path
proportional
• Assumes network users are unable to judge the route of least 
cost accurately.
• Assigns a statistically generated proportion between any two 
zones to different routes.
• Predicts flows that are a better comparison to actual network 
flows.
The approaches adopted by these four modelling components have undergone 
many improvements through research and the advancement of computational 
techniques. The components form the basis of many types of transport models. 
Some popular ones are summarised in Table 2.3. Even though there may be 
variation in the models, they generally predict at least one of the following basic 
elements (IHT, 1997):
• Travel demand, i.e. travel decisions that people would make, given the 
travel costs and alternatives. The choice may be time of travel, 
destination, transport mode, route, trip frequency, vehicle occupancy, 
etc.
• Travel supply, i.e. how the transport system will change given a specific 
level of demand (service levels). For example, the change in traffic 
speed as traffic volume increases or decreases. Other factors include 
traffic congestion, overcrowding on pubiic transport, parking problems, 
etc.
Any transport model with the pre-requisite that travei demand is balanced with the 
travel supply is also known as an equilibrium modei. Accordingly, a transport 
planner will make the choice of modei based on the following factors:
• Type of study (policy appraisal, traffic growth forecast, etc.);
• Coverage required (size of modelling zone);
• Availabiiity of data (trip data, etc.) and resources (computational 
capability, funding, etc.);
• Results required (travel cost, junction delay, etc.).
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Table 2.3: Transport models (IHT, 1997)
Type Description
Demand model
Estimates unconstrained travel demand at a particular point 
in time based on:
• Population, land-use, household income and car 
ownership.
• Characteristics of the transport system.
Simplified demand 
model
Predicts travel demand based on:
• Induced traffic, i.e. traffic generated from actual and 
potential accessibility improvements. For example, 
travelling during off-peak, car-pooling, switching to 
public transport, etc.
• Suppressed traffic, i.e. reduced traffic when travei 
supply is insufficient. For example, inadequate parking 
space, increased congestion, etc.
Detailed modelling of travel supply, i.e. the influences of
network constraints on travei demand.
Traffic assignment 
model
Predicts travei supply, i.e. how travel demand takes place in 
the transport system. It provides:
• Travel-cost information for economic and financial 
evaluation.
• Flow, delay and speed information for operational, 
safety and environmental appraisals.
Strategic and policy 
appraisal model
Investigates the flexibility of land-use and transport pricing 
policies. It extrapolates travel demand from:
• A reliable base of current travel patterns.
• Likely travel behaviour of transport users.
Predicted travel demand has to be in equiiibrium with the 
travel supply.
Land-use/transport 
interaction model
Forecasts land-use changes caused by accessibility 
alterations within the transport network.
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In summary, there are many types of transport models. They are conventionally 
used to predict travel impacts on present or future transportation systems. Strategic 
or policy appraisal models may also be used to carry out Environmental Impact 
Assessment (EIA) of road schemes. One issue of concern is the effects of traffic 
emissions on the population.
The majority of transport models quantify poilution based on total road emissions 
over a long period. This may not always be a good indication of the impacts of 
these vehicles because the pollutants may have been dispersed by the time they 
reach the general public. Likewise, these emissions may not reflect ambient levels 
and consequently, should not be compared to existing air quality standards. It is 
important that these points be considered during the transportation planning 
process.
2.3.2 Dispersion models
Dispersion models are used to predict poliutant concentrations, at specified 
locations and times. This prediction is based on physical principles, and information 
regarding the emission sources, meteorological and topographical conditions 
(CERC, 2001a). For air pollution modelling, they comprise of “a series of equations 
whicfi describe the reiationship between the concentration of a pollutant in the 
atmosphere arising at a chosen iocation and the release rate, and factors affecting 
the dispersion and dilution in the atmosphere" (DETR, 2000c). These predicted 
concentrations can then be compared directiy to air quality objectives during the 
LAQM stages. Furthermore, dispersion modeis can be used to assess future air 
quality based on potentiai emissions scenarios (CERC, 2001a).
Atmospheric dispersion models vary in sophistication, but generally include the 
following elements (Johnson, et al., 1976):
• Emissions inventory: A database containing information on the different 
types and rates of emission sources (point, line, area or volume); and 
their respective emission factors. It is used to determine emission rates 
from sources.
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• Meteorological transport and diffusion: Meteorological and
topographical conditions determine how the poiiutants will be dispersed.
• Chemical transformations: The transformation of pollutant from one 
form to another through chemical processes.
• Removal processes: This involves pollutant removal from the
atmosphere, either through chemical reactions, deposition or 
precipitation.
In addition, most models are based on two basic numerical modelling approaches, 
the Gaussian diffusion formulations and the mass conservation approach (Dobbins, 
1979). These are discussed in the following sections.
Gaussian diffusion formulations
Gaussian diffusion formulations are the most commonly used methodologies in 
dispersion modelling (Stern, et ai., 1994). The Gaussian approach assumes that the 
plume concentration maintains a normal (or Gaussian) distribution horizontaliy and 
vertically. This was found to be true experimentaliy, for meteoroiogical conditions 
with averaging times in excess of 1 hour (Johnson, et al., 1976). These models are 
frequently used to calculate long-term averages of inert poiiutants such as 
particulates (Dobbins, 1979).
Meteorological parameters, however, greatly influence the dispersion of pollutants. 
They have a high degree of variance, both spatially and temporally and the 
Gaussian diffusion models have difficulty in incorporating all these parameters. 
Consequently, the Gaussian puff model was developed. The puff model split the 
plume into a series of elements, which all independently diffuse in a Gaussian 
fashion, as they move along the wind trajectories (Arya, 1998). The Gaussian puff 
model is able to simulate non-homogeneous, time-dependent diffusion scenarios. 
Its main disadvantage is that it requires large computational requirements, often 
making it unsuitable for practical applications (Johnson, et al., 1976).
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Mass conservation approach
The mass conservation approach is the other fundamental methodology adopted by 
many dispersion models. These are sub-divided into two main classes of models, 
namely the Eulerian (multi-cell) and the Lagrangian (moving-cell). These 
mathematical models are time dependent and adaptable to include photoreactive 
pollutants, such as ozone (Dobbins, 1979).
Eulerian models for air pollutant dispersion are used to investigate emissions, which 
are distributed over an area, as opposed to the point source emissions (plumes) 
typically solved by a Gaussian model. The Eulerian model divides the calculation 
domain, i.e. atmosphere in the area under investigation, into smaller control volumes 
or cells. Either a uniform or a non-uniform grid can be used to define the boundaries 
of the control volumes. The principle of mass conservation is applied for each 
pollutant species under investigation, in order to calculate the pollutant flow through 
each cell. The model calculates pollutant concentrations at any given instant in the 
atmosphere. This is in contrast with the Gaussian model, which calculates pollutant 
concentrations from each of the defined sources (Stern, et al., 1984).
Lagrangian models (in air quality) focus on the polluted air itself, i.e. the moving 
cells. As with the Eulerian model, the calculation domain, in this case the plumes, 
are divided into control volumes or cells such as segments, puffs or particles. The 
equations are then solved for the motion of a polluted column of air, as it passes 
over various sources. Generally, the concentrations calculated by Lagrangian 
models depend on a vertical dimension (specified by the mixing heights) or on the 
emissions. Horizontal air dispersion is also neglected by this approach (as it is with 
the simple Eulerian models) (Stern, 1976).
Atmospheric stability
All dispersion models contain an element describing atmospheric stability regardless 
of which numerical approach is adopted. This is a major factor that governs 
pollutant dispersion. It depends on the vertical temperature gradient known as a 
lapse rate, i.e. the rate of decrease of temperature with height. There are three
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categories of atmospheric stability. They are:
• Unstable, where vertical air motion is enhanced (it is easy for air to move 
up or down); and surface heating effects and wind are the causes of 
turbulence;
• Neutral, where vertical air motion is not affected; and turbulence is only 
generated by wind;
• Stable, where vertical air motion is suppressed (it is difficult for air to 
move up or down) and there is a reduced level of turbulence at any wind 
speed (caused by the cooling of the ground).
The simplest and most frequently used characterisation of atmospheric stability for 
dispersion modelling in air quality assessment, is the classification scheme 
proposed by Pasquill (Pasquill, 1961) and later modified by Gifford (Gifford, 1961). 
These are known as the Pasquill-Gifford (PG) stability categories (Arya, 1998). The 
PG stability categories are roughly divided into seven categories, A -  G (Table 2.4).
Table 2.4: PG stability categories (CERC, 1999)
Category Condition Weather
A - C Unstable
Hot, sunny days with light winds, when the Earth's 
surface is dry and there is strong solar radiation.
D -E Neutral Cloudy conditions with medium to strong wind speeds.
F -G Stable
Clear, calm, nights with strong cooling of the ground and 
the lower layer of the atmosphere.
One of the advantages of PG stability categories is that they can be defined from 
information obtained from near-surface wind speed, solar radiation and cloud cover. 
These data are normally observed from most meteorological stations (Arya, 1998). 
This means that the likely occurrence of each stability category for an area over a 
year can be predicted. In addition, each stability category has a typical boundary 
layer height, or mixing height. This refers to the atmospheric height up to which 
dilution and dispersion of a plume may occur (Clarke, 1979).
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Many studies have been conducted using the PG stability categories. These 
investigations were used to develop a set of empirical correlations that could be 
used to estimate atmospheric dispersion from Gaussian diffusion formulations 
(Seinfeld, 1975).
Types of dispersion model
In the UK, dispersion models are used as planning or predictive tools in the LAQM 
stages. The Department of Environment, Transport and the Regions (DETR) has 
broadly categorised them according to their use within the review and assessment 
process. These categories are screening, intermediate or advanced models. 
Screening models are normally used in the preliminary stages of an assessment 
process while intermediate and advanced models are applied in the detailed 
assessments (DETR, 2000c).
Screening models represent the simplest form or usage of a dispersion model. 
They can be carried out by hand, via spreadsheets or simplified computer programs. 
These models may have built-in meteorological conditions such as the PG stability 
categories; or empirical relationships from field observations that simplify dispersion 
characteristics in the atmosphere. Hence, a meteorological pre-processor is not 
required. In addition, most screening models can only treat one source at a time. 
They are generally cheap, quick, need very little input and do not require a lot of 
familiarity. The models can be used to identify whether an air quality problem exists 
in the area under investigation, thus whether more extensive modelling is required. 
An example of a popular screening model in LAQM is the Design Manual for Roads 
and Bridges (DMRB) method (Air Quality Management Resource Centre, 2003).
The next category of dispersion model is the intermediate model. These models are 
generally desktop-based computer models. They require more input than screening 
models, such as emissions data and varying meteorological conditions. Factors 
affecting dispersion are simplified in these models, but not to the extent of screening 
models. Intermediate models can predict pollutant concentrations from more than 
one source. These models are still relatively cheap and not excessive on computer 
resources. A disadvantage of intermediate models is that they do not account for
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sophisticated characterisation of vertical dispersion profiles. Examples of 
intermediate models are the AEOLIUS and SCREEN models (Air Quality 
Management Resource Centre, 2003).
The final category of dispersion models can account for vertical dispersion profiles 
and predict atmospheric stability directly from meteorological conditions. These 
advanced models have meteorological pre-processors, unlike their screening and 
intermediate counterparts. These provide more realistic characteristics of the 
atmosphere than a description based on stability categories. Advanced models can 
also consider more than one type of source; account for topographical variability, 
removal processes and chemical reactions; predict worst-case scenarios and 
produce various output formats. Consequently, due to the complexity of advanced 
models, they require large amounts of detailed and good quality input datasets to 
produce accurate predictions. These models require high specification computers 
and generally considerable runtime. ADMS-Urban and AERMOD are two advanced 
models which are widely used in detailed assessments (Air Quality Management 
Resource Centre, 2003).
Although, most commercial dispersion models are based on the same numerical 
approaches, they differ in terms of ease of use, computational requirements and 
functionality. The choice of model usually depends on its input availability, output 
requirement, resource constraints, the accuracy and validation of the dispersion 
model (DETR, 2000c).
For instance, the preliminary stages of LAQM require that the chosen dispersion 
model predict “worst-case" scenarios. Hence, it is sufficient to use screening or 
intermediate models for the assessment. In contrast, the detailed assessment 
requires a reasonably realistic prediction. Consequently, the use of an advanced 
model may be required.
Atmospheric dispersion models are useful tools to review and assess air quality in 
an urban area. They are applied to calculate pollutant concentrations with the 
knowledge of emissions, atmospheric and topographical conditions. Some models 
are limited to provide only numerical results of ambient air quality. This is sufficient 
in the LAQM stages; however, a spatial representation of the concentrations may be
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a more effective method to illustrate the extent of an air quality problem. Thus, a 
GIS plays an important role as a visualisation tool.
2.3.3 Geographic Information Systems (GiS)
A GIS is an application used for the “capturing, storing, querying, anaiysing and 
displaying' of geographic data (Chang, 2002). It can also be described as an 
integrated environment (or system) for input/output, storage and manipulation of 
data (or information), which relates to specified locations defined by a set of 
coordinates (spatial representation or geography). The most important features of a 
GIS are its cartographic and graphical elements. These features, together with the 
various components depicted in Figure 2.1, form the basis of this integrated 
environment.
Over the years, through advancements in computational capabilities, the processing 
requirements for a GIS have reduced from a powerful workstation to a desktop PC. 
However, regardless of the need for processing power, most GIS can be divided into 
three broad components, the data acquisition (input), the GIS and the data 
visualisation (output), as illustrated in Figure 2.1.
The data acquisition component of a GIS relates to obtaining data for the system. 
The input consists of spatial data and its attributes. Spatial information may either 
be vector (coordinate-based), or raster (cell-based) data models (Martin, 1995). 
Vector data models are treated as 2-dimensional (points, lines and areas) or 3- 
dimensional (surfaces and volumes) entities. These data may be digitally 
represented as set of coordinates, mathematical functions, matrices of points, 
triangulated set of points, contour lines or set of surfaces. Raster data models 
consist of cells, or in computing terms, pixels. The data are displayed as a 
collection of pixels, each with a fixed size, location and value (Jones, 1997).
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The attributes or properties of the input data may be obtained from various methods 
or sources. These include surveys (remote sensing, ground survey, interviews), 
photos (scanned images), relational datasets (logs, census data) or spreadsheets 
(field documents, experimental results). This data must be pre-processed before it 
can be used and in some cases, to the extent that the data/information is 
reclassified. For example, redistributing numeric data (> 21 ppb) into specific 
named categories (poor air quality). In addition, this data may need to undergo 
verification (error checking) and transformation, i.e. ensuring that the data is defined 
in the same coordinate system.
Once the data have undergone pre-processing, it is stored and dynamically linked 
by locations or attributes in a database. This information may now be retrieved and 
queried. The data queries are used to find locations or attributes by criteria using 
Boolean operators. Venn diagrams representing the Boolean operators of AND 
(intersection), NOT (complement) and OR (union) are portrayed in Figure 2.1. The 
operators permit data that satisfy the pre-defined criteria to be selected and 
displayed.
Another feature of a GIS is the data manipulation and analysis component. Some 
functions of this element are vector and raster data analysis. Vector analysis 
includes buffering (areas created using a calculated distance from a point, line or 
area), overlay (comparison of variables between different data layers), distance 
measurements and map manipulation. Conversely, raster analyses are conducted 
based on cells grouping, i.e. individual cells (local analysis), groups of cells 
(neighbourhood and zone analysis) or entire grids of cells (global analysis) (Jones, 
1997).
Other types of analysis that can be carried out through a GIS are terrain mapping 
and spatial interpolation. Terrain mapping techniques produce contours (lines 
representing adjacent locations with same height, magnitude or concentration), 
profiles (graphs which describe height changes along a line), hill shades (surface 
illumination), hypsometric tints (the use of colours to see different elevation zones) 
and perspective views (3-dimensional panoramas) (DeMers, 2000). Spatial 
interpolations are applied to convert point data to surface data. The GIS uses 
various numerical methods when conducting interpolation. Some popular ones are
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linear and non-linear interpolations (weighting, trend surfaces from mathematical 
functions and kriging). These interpolation methods are described in detail in 
Martin, 1995, Jones, 1997, DeMers, 2000 and Chang, 2002. The accuracy of 
continuous surface interpolations depends on the quality, density and spatial 
distribution of the control points, the predicted intermediate value and the spatial 
variability of the surfaces where the interpolations are to be carried out (Martin, 
1995).
A GIS may also be used to carry out region-based and network analysis. Region- 
based analysis consists of thematic layers, each with different attributes, integrated 
into one project. This allows attribute data queries to be conducted on multiple map 
layers, in a single operation (Martin, 1995). Network analysis represents and 
analyses flows along linked paths. Several processes that can be analysed through 
this method include navigation through a transport network (Arampatzis, et al., 
2004) and gas flows in a pipeline (Chen, et al., 2002). Common network analysis 
operations include path determinations such as finding the least-cost or shortest 
path between two or a set of locations, and vice-versa, i.e. finding locations within a 
given cost (Jones, 1997).
Finally, another function of a GIS is to conduct a simplified representation of a 
system, better known as GIS modelling. Here, spatial data are used to construct a 
logical model (Chang, 2002). There are basically seven steps in building a GIS 
model, as illustrated in Figure 2.1. The first step is the problem statement, i.e. the 
objective of the model. This is followed by the problem breakdown. In this step, the 
required datasets and the processes that are involved in the model are identified. In 
the Step 3, the attributes of the datasets are explored and their various relationships 
are distinguished. Step 4 is the data analysis and manipulation. The overall model 
may consist of terrain mapping, spatial interpolation, network analysis, etc. The 
results are then verified and updated (Steps 5 & 6 ). If necessary, the analyses are 
repeated until the criteria or the objectives of the model are achieved. Finally, the 
results are implemented and may be used to describe or predict how the system 
may work in real situations (ESRI, 2001a).
There are four basic types of GIS models, namely binary, index, regression and 
process models. A binary model, as noted by its name, uses 1 (True) or 0 (False) to
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select map features that satisfy logical expressions criteria. They may be 
considered as part of a query process. Binary models are generally applied when 
the input data are incomplete or there is no clear relationship between the spatial 
features. Index models, on the other hand, are widely used in suitability or 
vulnerability analyses. They use index values to produce ranked maps. The index 
value is obtained through a comparison of the relative importance of the various 
model variables (i.e. variable weightings) and the evaluation of observed values for 
the variables (i.e. numeric scoring). Conversely, a regression model correlates a 
dependent variable with other independent unknown quantities of a mathematical 
equation. They may be applied in habitat suitability studies. The fourth GIS 
modelling technique is the process model. This model is used to simulate real-life 
processes by setting up relationships or equations to quantify the processes. This 
complex method is applied in many engineering problems such as ground water 
contamination and hydrology (ESRI, 2001a).
GIS is a graphically intensive application. Hence, its data visualisation or output 
component produces 2- or 3-dimensional spatial maps, tables, charts and reports. 
This attractive feature of GIS means that it is able to provide a summary of the 
results in pictorial or tabular formats that are easily understood. In the early 
development of GIS, it was utilised to manage natural resources (land-use planning 
(Folving, et al., 1992) and wildlife conservation (Sanderson, et al., 2002)) and 
socioeconomic data (census (Haefner, 1997) and demography (Guthe, et al., 
1992)). In recent years, its application as a decision support tool has been extended 
to include transportation planning and air quality assessments.
2.4 Relevant studies
The ultimate aim of an air pollution investigation is to understand and improve local 
air quality. Many studies have been conducted to develop new solutions or enhance 
existing methods, in order to achieve air quality standards. Some of these 
investigations, which are relevant to this particular development of an integrated air 
quality system are summarised in the following sections.
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2.4.1 SIMTRAP
The EC funded the SIMTRAP (SIMulation of TRaffic and Air Pollution) project. The 
objective of the project was to develop “an integrated system of traffic fiow 
information, air poiiution modeiiing and decision support’ in a “distributed high- 
performance computing network (HPCN)” (Schmidt, et al., 1998b). SIMTRAP 
consisted of DYNEMO, a mesoscopic dynamic traffic simulation tool; DYMOS, an air 
pollution model and ESS-ACA, and a GIS toolkit with built-in decision support aid. 
Detailed, large-scale simulations (up to 200 km^) could be carried out using 
SIMTRAP’s parallel computing environment (Schmidt, et al., 1998a; Schmidt, et al., 
1998b).
DYNEMO, the large-scale dynamic model, was able to simulate up to 100,000 
vehicles moving concurrently in a transport network. A specific traffic density 
dictated vehicle movements in the system. This might be different for each link. 
Consequently, for each model time-step, a spatial distribution of traffic density, 
volume and speed was recorded. Pollutant emissions were then calculated based 
on this information and the appropriate emission factors (exhaust and cold-start) 
(Schmidt, et al., 1998b). A more detailed description of DYNEMO can be obtained 
from Schwerdtfeger, 1984.
The emissions obtained from DYNEMO were applied to the air pollution model, 
DYMOS. This model consisted of a mesoscale atmospheric model, REWIMET and 
a chemistry model, CBM-IV. REWIMET was able to account for processes that 
occurred “over a horizontai extension of about 20 -  200 km" (Schmidt, et al., 1998a). 
Therefore, it had simulation coverage for a large urban area. Likewise, CBM-IV was 
a widely used chemistry model. It was applied to describe “the most important 
chemical processes in the gas phase chemistry for the production of O3 and other 
photooxidants” (Schmidt, et al., 1998a). Further details on REWIMET and CBM-IV 
may be obtained from Schmidt, et al., 1998b and Gery, et al., 1988 respectively.
These complex models required long runtimes and high computational demands in 
terms of processing power. A parallel computing approach was adopted, so that 
“the computation time is less than the simulation period" (Schmidt, et al., 1998b). 
Considerable computing resources were still required, for example, multi-processor
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workstations running UNIX/Linux operating system (OS), or a cluster of PCs on a 
Windows NT platform connected via a fast network. An alternative solution was to 
develop a client-server system architecture. This enabled model simulations to be 
run on the server (the best available computer system), while the client only required 
a standard PC.
The need for parallel processing and computer servers meant that the software 
developer had to sell a “high-tech product to a iow-tech market (Fedra, 1999). Top- 
of-the-line computing resources were not always available to the end-user, such as 
transport or environmental planners. Consequently, high performance computing 
resources were offered on a “pay-as-you-go" basis (Fedra, 1999). The client-server 
architecture allowed the necessary server facilities to be supplied by a service 
provider. In contrast, the clients only required entry-level PCs to access the remote 
server through Internet protocols. This aimed to eliminate additional investments in 
computing resources and technical expertise. As a result of this, the SIMTRAP 
project led to the design and development of the commercial software, TRAQS.
2.4.2 TRAQS
TRAQS (Traffic and Air Quality Simulation) is “a simuiation-based decision support 
tooi designed to heip find optimal solutions to transportation issues and 
environmental objectives in a single integrated approach" (ESS, 2002d). This 
product was conceived from the EC Esprit HPCN project SIMTRAP (ESS, 2002c), 
EC Esprit project HITERM (ESS, 2002b) and EC Telematics project ECOSIM (ESS, 
2002a). The main component of TRAQS is an integrated system that covers “traffic 
fiow, atmospheric dispersion and photochemistry” (ESS, 2002d).
The system can be applied to different types of scenarios, depending on the 
simulated time or area of coverage. Short-term traffic management, such as traffic 
diversion due to large events or traffic restriction during high pollution episodes, 
typically lasts for a few days. Conversely, new roads or traffic growth due to land 
use changes may occur over several years. These are examples that necessitate 
long-term strategic transport planning. TRAQS is also able to predict effects from 
various traffic schemes covering localised to network-wide areas. A large modelling
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area ensures that the prediction of pollutants such as O3 (which forms slowly) and 
wind influences (where plumes may drift over large distances) can be accurately 
predicted (Schmidt, 1998c).
TRAQS offers a selection of models, namely two transport models and four 
dispersion models. The choice of models depends on the type of runs, the 
availability of resources, and the accuracy required. Thus, TRAQS is adapted for 
different transport models (static traffic assignment with diurnal profile or dynamic 
traffic flow model) and dispersion models (Gaussian, Eulerian, Lagrangian or 
photochemical box model). In addition, TRAQS supports both sequential and 
parallel processing implementation. It can be set-up on a single computer, or on a 
workgroup with server and client computers connected over a Local Area Network 
(LAN). Alternatively, for large-scale studies, it can be set-up on a high-end 
computer configuration, such as multiple servers and clients on a fast LAN. For 
short-term traffic management schemes, better than real-time performance is 
essential (for example, calculation to obtain a 1 -hour pollutant concentration should 
not take more than an hour), so that the appropriate decisions can be made 
promptly. Similarly, for strategic long-term planning, various transport scenarios 
need to be tested quickly and efficiently (ESS, 2002d).
The client-server architecture allowed computationally intensive runs to be 
conducted on a server (as does the SIMTRAP project). The server is accessed by 
client PCs through an interactive and user-friendly Graphical User Interface (GUI). 
The current commercial release of TRAQS (both server and clients) runs on the 
Windows NT platform. The price of TRAQS is in excess of £20,000. TRAQS is 
flexible and well-suited for predicting dynamic pollution episodes such as accidents, 
closure of streets due to marathons, etc. and long-term air quality assessments. 
However, the costly investment for the software and the high specification 
computers are often beyond the budget of local councils who would use the system 
for their air quality assessments (ESS, 2002d).
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2.4.3 TEMMS
“The Traffic Emission Modeiiing and Mapping Suite (TEMMS) is a program designed 
to provide detailed estimates of vehicle emissions on urban road networks” 
(Namdeo, et al., 2002). It is part of the Quantifiable City model, funded by the UK 
Engineering and Physical Sciences Research Council (EPSRC) through the 
Sustainable Cities programme. TEMMS interfaces with a traffic assignment model, 
SATURN, and an atmospheric dispersion model, either Indie Airviro or ADMS- 
Urban. It also includes an emissions model, ROADFAC. These models are 
integrated through a database exchanger, a GIS (Maplnfo) and a Windows-based 
GUI (Namdeo, et al., 2002).
The transport model used in TEMMS is SATURN. This model “is a tactical transport 
model that estimates the traffic volume on each link of a road network assuming a 
fixed trip mafr/x". SATURN is applied to obtain a detailed spatial representation of 
traffic patterns for the transport network. ROADFAC is then used to estimate 
emissions from these traffic flows, and other sources (factory stack, domestic 
heating, etc.) within the study area. The emissions model adopts the “bottom up” 
approach, whereby the activities from various sources are depicted in detail. Hence, 
coupled with the appropriate emission factors, an improved estimation of emissions, 
with better spatial resolution is produced (Namdeo, et al., 2002).
At present, two dispersion models may be applied with TEMMS, Indie Airviro or 
ADMS-Urban. Indie Airviro is based on the Lagrangian-Gaussian formulation for 
dispersion over flat terrain, whilst for complicated topography; a Eulerian advection- 
diffusion grid model is adopted. In contrast, ADMS-Urban is based on the Gaussian 
diffusion formulation, except in convective conditions, where a non-Gaussian vertical 
profile of concentration is adopted. Both advanced dispersion models have 
integrated chemistry models and street canyon models; and are capable of 
predicting concentrations from multiple sources. In addition, the results from Indie 
Airviro and ADMS-Urban may be represented spatially through a GIS (Namdeo, et 
al., 2002).
The minimum hardware requirement to run TEMMS is a Pentium II PC, running 
Windows 95/98/NT. However, for better performance, a PC with 800 to 1000 MHz
Chapter 2: Background 37
Traffic-related pollutants in an urban area_____________________________ February 2004
and 256 MB RAM is required. At present, the model has been developed and 
applied to Leeds City. The average pre-processing and runtime of the integrated 
system takes approximately two weeks (post-processing time not included) 
(Namdeo, et al., 1999; Mitchell, et al., 2002).
TEMMS is not computationally taxing in terms of resources but it does have long 
runtimes. This may not always be practical since some traffic scenarios may have 
to be quickly tested. In general, it is more feasible to use TEMMS to carry out tests 
on traffic scenarios that warrant further investigation, as opposed to testing every 
single traffic scenario, regardless of their effects on air quality.
2.5 Summary
The main background topics to this numerical investigation of traffic-related 
pollutants have been presented and discussed in this chapter. Various health 
effects such as asthma and heart diseases have been linked to the increasing levels 
of atmospheric pollutants. These concerns have led to the introduction of UK air 
quality legislation. Action plans have been recommended by the government to 
ensure that ambient air quality standards are achieved. These are known as the 
LAQM stages, which are currently being implemented by local authorities in the UK.
Recent air quality investigations have shown that traffic has overtaken industrial 
facilities as the main source of atmospheric pollution. To investigate this further, the 
main tools associated with traffic-related air quality studies and assessments were 
identified and described. These were transport models, dispersion models and 
GISs. Using these tools, the impacts of traffic on pollution levels could be spatially 
represented and examined. Thus, it was possible to optimise traffic throughput, via 
realistic simulations, without adding to the existing air pollution problems.
Even though there was an apparent relationship between transport and dispersion 
models, these two models were often treated independently. Data were produced in 
different formats and data transfer between the models generally required a 
significant amount of pre-processing. Furthermore, the exposure effects on the 
general public and the different traffic management schemes could not be
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conveniently tested through either model independently. It was evident that in order 
to achieve this, these tools should be linked in the form of an air quality system.
Three relevant studies that related to the development of integrated air quality 
systems were then discussed. The systems chosen were SIMTRAP, TRAQS and 
TEMMS. All three systems were highly rated and generally comprised well-known 
and tested models as their key components. However, it was noted that these 
applications either required considerable computing resources on a client-server 
architecture or have been designed for specific models.
This research adopts an alternative approach to develop an integrated air quality 
system which links widely used air quality tools. The main objective is to develop a 
more flexible framework to allow communication between various air quality tools, 
with minimal system requirements. The development and implementation of this 
framework will be presented in the subsequent chapters.
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PART 2
System  Develo pm ent
System design:
Formal specifications yield PhD theses. They may occasionally yield programs as 
by-products, but not useful ones.
- Ronald F Guilmette (http://www.eccentrix.com/members/computeaser/)
System implementation:
If debugging is the process of removing bugs, then programming must be the 
process of putting them in.
- Anonymous (http://www.eccentrix.com/members/computeaser/)
System testing:
My software never has bugs. It just develops random features.
- Unknown geek
(http://www.boardofwisdom.com/default.asp?topic=1005&listname=Geek)
System  D esign
3.1 Introduction
The aim of this research was to develop a new method to link the components within 
a traffic-related air pollution problem. This was achieved through the development 
of an integrated system that would:
• Link existing air quality tools;
• Perform traffic-related air quality analysis in a given area;
• Determine population exposure and thus, identify potential pollution “hot
spots”;
• Suggest alternative traffic scenarios which would improve air quality in
the “hot spots”;
• Summarise the results for interpretation.
The development of the integrated system from the design stage through to 
implementation, testing and program maintenance is shown in Figure 3.1. These 
stages are sequential, i.e. they progress from one stage to the next and follow the 
standard “waterfall with prototyping” software development process.
Chapter 3 describes in detail the concepts behind the system design, which 
comprise the requirements analysis and design specification stages. These are 
shown as the highlighted section in Figure 3.1. The remaining stages, namely, the 
program design and implementation, system testing and maintenance are discussed 
in the subsequent chapters.
Chapter 3: System design 41
Traffic-related pollutants in an urban area February 2004
SYSTEM DESIGN
PROTOTYPE
Basic system design
Translate and code the 
system design In a 
programming language
PROGRAM
IMPLEMENTATION
Detail system design, I.e. 
modules design
PROGRAM DESIGN
DESIGN SPECIFICATION
REQUIREMENTS ANALYSIS
Specify requirements In terms 
of the problem and the 
function of the system
Modules, Integration and 
system testing for bugs and 
errors. I.e. verification and 
validation
PROGRAM TESTING
Further system development 
and Improvements
MAINTENANCE
Figure 3.1: Waterfall diagram representing the Integrated system
3.2 Requirements analysis
The first stage in the development of the integrated system was to outline its overall 
requirements. These generally followed the objectives detailed in Section 3.1 and 
were identified as;
• To develop links between the different phases and tools utilised in an air 
quality investigation;
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• To create data that are in compatible formats and automate data 
storage/retrieval;
• To predict pollutant concentration;
• To automate the evaluation of population exposure;
• To test traffic scenarios;
• To summarise the results of air quality investigations.
Two further requirements for the integrated system were also determined. They 
were:
• The system design should be generic;
• The system should be integrated under a modular system through a 
GUI.
A generic system design was chosen to enable the system to be independent of 
both the platform (i.e. the operating system) and the programming language. This 
was important, as there are now many packages available within each family of air 
quality tools, as shown in Table 3.1. Hence, a generic system would enable other 
packages to be included in the system without major changes to the system design.
Table 3.1 : Example of air quality tools
Tool Package Output
Transport model
• GTM
• SATURN
• Traffic flow
• Traffic mix
• Traffic speed
Emissions inventory
• ADMS Emissions 
Inventory
• EMIT
• Emission rates
Dispersion model
• ADMS-Urban
• AERMOD
Pollutant concentration at:
• Specific locations
• Specific time
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• ArcView GIS
• Spatial map of
GIS
• Maplnfo
pollutant
concentration
To aid the understanding and quick uptake of the integrated system, a user-friendly 
interface is obviously essential. The modular design enables the system to be used 
as a whole or independently as stand-alone components.
The identified system requirements are detailed in the following sections.
3.2.1 Linking phases and tools
An air quality investigation involves a number of different phases, each requiring 
numerous tools and sources of data. The phases include data processing, 
prediction of pollutant concentration and determining areas with likely population 
exposure. The tools utilised in air quality studies include transport models, 
emissions inventories, dispersion models and GIS. At present, the phases involved 
are not fully computerised, and have no direct links. The purpose of the integrated 
system is to provide a mechanism to link the various phases and tools utilised in air 
quality investigations.
3.2.2 Creating compatible data & automating data storage/retrieval
Air quality studies require a considerable amount of data from different sources (for 
example, emissions data, meteorological data, etc.) and these are generally 
available in a variety of formats. Figure 3.2 shows how these datasets are used in 
an air quality study and indicates that the output from one tool is often required as 
the input to the next phase. Unfortunately, the format of the output file is not likely to 
be compatible with the tool in the subsequent phase. There is therefore a need to 
make all datasets compatible with the tools. This will ensure that other tools can 
directly use the data without having to perform repetitive and laborious data 
processing tasks.
Chapter 3: System design 44
Traffic-related pollutants in an urban area February 2004
In addition, the pre- and post-processing of the vast amount of data required in an 
air quaiity investigation is currently extremely time consuming. The integrated 
system should automate data storage and retrieval, which in turn should reduce 
data processing time, and hence, the costs involved in predicting air quality.
Traffic mix , fiow, speed
Other emission 
sources
Emission rates
Meteorological
data
Pollutant concentration
Pollution map
Transport
model
GIS
Emissions
inventory
Dispersion
model
Manual check for 
exposure
Figure 3.2: Typical air quaiity assessment process
3.2.3 Predicting poiiutant concentration
The integrated system should be able to use the emissions and meteorological
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datasets to evaluate the concentration of air pollution within a study area. It is 
important at this stage to determine what is actually required as output by the 
system, i.e. a screening or detailed assessment.
Screening runs may be completed in a short time. However, the results produced 
are not as accurate as those produced through detailed modelling, which in contrast 
takes longer to complete. Hence, the integrated system should allow the user to 
select the type of run required.
3.2.4 Evaluating population exposure
At present, the computational side of an air quality investigation ends when pollution 
levels at a specific time and place have been predicted, for example as shown in 
Figure 3.2. These pollution levels are generally used as the basis of an air quality 
assessment by a researcher or an environmental officer. Hence, the air quality 
assessment is currently conducted through good engineering judgement, i.e. by 
manually comparing the predicted air pollution levels with existing air quality 
standards and checking for any location with likely population exposure {“hot spof).
Air quality assessments are time-consuming and are dependent on the judgment of 
the researcher or the environmental officer. The integrated system should include a 
decision support tool to automate the air quality assessment process, i.e. to 
evaluate population exposure.
3.2.5 Testing traffic scenarios
Once an air quality “hot spot' has been identified, different traffic management 
schemes may be suggested to try to reduce the air pollution in that area. 
Conventionally, traffic scenarios are tested separately, independent of an air quality 
investigation. Air quality researchers or environmental planners rarely take into 
account optimal traffic flow. Similarly, transport researchers/planners do not 
account for the impact of traffic schemes on the environment. These scenarios 
have to be tested to determine if they are likely to create a positive impact on the 
environment.
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The implementation of air quality improvement schemes in areas with relevant 
population exposure is the main driving force behind air quality research and 
assessments. Therefore, the integrated system should include a decision support 
tool for evaluating any traffic-related action plans identified within a “hot spot’. This 
would include assessing the impact of different traffic scenarios on air quality, both 
as screening and detailed modelling runs.
3.2.6 Summarising resuits
Air quality assessments produce a large quantity of results, generally in the form of 
tables, maps etc. These results can be difficult to interpret. The integrated system 
should collate all the results and present a summary report from the various phases 
and tools.
This chapter thus far, has outlined the requirements for the integrated system. 
These can be summarised in a schematic of the system shown in Figure 3.3. This 
shows the links between the tools, the compatible datasets required and the 
decision support system. These should be included in a generic, modular program 
with a user-friendly interface.
Transport
model Traffic mix, flow, speedTraffic scenarios
NEW APPROACH
Emissions
inventory
Graphical User 
Interface (GUI)
Decision
supportExposure
Emission ratesPoiiutant concentration Dispersion
model
Figure 3.3: Links between components in the integrated system
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3.3 Design specification
The second stage of the integrated system was the design specification. This was 
divided into six logical phases, each of which addressed one of the requirements 
identified in the previous section. These were:
a. Phase I: Tool selection
b. Phase II: Data processing
c. Phase III: Air quality calculation
d. Phase IV: Air quality assessment
e. Phase V: Traffic scenarios
f. Phase VI: Report generation
3.3.1 Phase I: Tool selection
Phase I identifies and selects the air quality tools to be linked. A number of tools are 
required to perform an air quality investigation, including a transport model, an 
emissions inventory, a dispersion model and a GIS. For each of these tools the 
most appropriate package has to be selected.
For example, from the packages listed in Table 3.1; CTM (transport model), ADMS 
emissions inventory (emissions inventory), ADMS-Urban (dispersion model) and 
ArcView GIS (GIS), may be selected to conduct an air quality investigation. The tool 
selection is conducted via the GUI. Once identified, the native data format of these 
packages may be ascertained.
3.3.2 Phase II: Data processing
Phase II has the main function of alleviating and expediting data processing. This is 
necessary because each individual tool selected in Phase I generally requires data 
that originates from different sources.
To alleviate and expedite data processing, the integrated system has to allow 
communication between the tools selected in Phase I. It has to allow output from
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one tool to be used as input in another tool without the need of tedious, manual 
tasks. This is achieved through the utilisation of “filters". These filters convert data 
from one format to another and are generally application specific. This means that a 
filter written for application “A" may not work for application “B”. However, the filter 
will be able to convert data from application “A” into a format usable by application 
“B".
Filters for the integrated system were designed to be generic and only need to be 
updated when the data format changes. They link the various input/output of the air 
quality tools and were developed without knowledge of the underlying code. The 
filters may be small in size, stand-alone and support both old and new versions of a 
specific air quality package.
To create these filters. Phase II identifies the common “factors" between the 
selected tools as depicted in Figure 3.3. For example, traffic mix, flow and speed 
are the common factors between the transport model and the emissions inventory. 
However, since both tools have been developed independently, the data format is 
likely to be incompatible. The traffic information may be presented in a spreadsheet 
format and need to be converted into a database before it can be applied to the 
emissions inventory. In addition, the traffic data may not contain hourly flows, but 
present them as peak and inter-peak flows. Again, some processing will have to be 
carried out before the data can be used.
The filters that were created in Phase II, act as the “Unit’ to format and extract the 
common factors of air quality tools. These filters also automate data transfer and 
retrieval between the tools. This considerably reduces the time required for data 
processing, which results in an overall reduction in the time required for air quality 
investigations.
3.3.3 Phase III: Air quality calculation
Phase III is the application of the dispersion model to obtain pollutant concentrations 
at specific receptor points or over an area. Once the data have been converted into 
a compatible format, air quality calculations can then be conducted. Some models 
may require additional information to describe the study area, such as the surface
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roughness and coordinates of the receptors. These may be saved in the dispersion 
model’s project file. Thus, in Phase III, the dispersion model selected in Phase I 
was coupled with the data processed in Phase II and the project file to calculate air 
pollution levels within the study area.
In this phase, the user is required to select between screening and detailed 
modelling, by considering the importance of accuracy and runtime of a specific run. 
The results from a screening run have to be pre-processed before they can be 
transferred to Phase IV. In contrast, the results from the execution of the dispersion 
model for a detailed calculation are directly transferred to Phase IV, where an 
automatic air quality assessment is carried out.
3.3.4 Phase IV: Air quality assessment
Phase IV automatically assesses air quality by comparing pollution levels with air 
quality standards. Considering the harmful effects of elevated pollution levels on 
public health sets most of these standards. For example, high concentrations of 
pollutants in places such as open fields or non-residential/commercial areas are not 
of primary concern in air quality investigations. Consequently, an air quality 
assessment includes determining locations where the population is likely to be 
exposed to harmful atmospheric pollutants.
Automatic detection of population exposure was accomplished through a newly 
developed decision support tool. It was designed to use the results from Phase III to 
determine areas with pollution concentrations that are above the relevant air quality 
standard. If these areas coincide with populated areas, then, it is identified as a 
pollution “hot spof”, with likely population exposure. This novel method of exposure 
identification is a useful decision support tool for researchers and environmental 
planners. Traffic scenarios (Phase V) can then be applied to the road links within 
these “hot spots".
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3.3.5 Phase V: Traffic scenarios
Phase V was developed to enable the testing of possible “what-if’ traffic scenarios. 
This phase can be used to evaluate pollution reduction schemes or the impact of 
new urban development/regeneration schemes. The scenarios may be applied to 
modify traffic emissions on road links identified in the “hot spots" from Phase IV.
Some examples of pollution reduction schemes are the decrease of heavy duty 
vehicle (HDV) and LDV flows, or changes to vehicular speeds. In contrast, urban 
development or regeneration schemes may significantly increase the traffic flow 
within the area, hence, having a negative impact on the environment.
To save runtime, the modifications made to the traffic information were not used as 
input for a new transport simulation. This was because transport models usually 
consist of many “smallet’ models (multi-model) and may take many months of 
processing time to complete. Furthermore, it is usually only traffic data, i.e. the 
output from a transport model, which is made available to environmental 
researchers/planners as opposed to the transport model itself. Transport models 
are also generally not available to environmental researchers/planners. Instead, a 
methodology was devised to allow quick scenario testing and also to avoid 
inconsistencies within the transport network. Schemes involving traffic flow were 
applied to the “hot spots", while flows on links in nearby zones were gradually 
modified. This concept meant that flows outside the vulnerable areas were not 
simply eliminated. If the scenarios tested produced satisfactory results, the user can 
then choose to carry out more detailed traffic modelling by re-running the transport 
model.
Following traffic data modifications. Phase II is then repeated with the new “what-if’ 
scenario. This scenario then forms the basis of a new emissions inventory and the 
selected traffic scheme is tested in Phases III and IV.
Thus, the integrated system may be used to help decision makers assess air quality 
from current situations and provide recommendations of different traffic schemes to 
the user. Furthermore, the inclusion of this decision support tool to the integrated 
system would also increase the efficiency of air quality investigations.
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3.3.6 Phase VI: Report generation
Phase VI is used to generate reports for all the results obtained from Phases I to V. 
A vast amount of output data is generated at each phase and by each air quality 
tool. In Phase VI, numerical results are delivered in standard spreadsheet format. 
In addition, pollution levels are visually presented as GIS maps. These maps 
provide an overall spatial representation of the air quality within the study area. 
Recommendations on possible traffic schemes, with their respective impacts on 
pollution levels, are also supplied for the considerations of the user.
To conclude. Figure 3.4 illustrates the relationship between the six phases of the 
design specification. A key concept of the design was to keep each phase 
independent. Thus, the integrated system does not have to be used sequentially as 
the phases are only linked through the relevant input/output. This non-dependency 
concept has three main advantages, which are:
• The user has the choice of phase selection. For instance, to conduct
parametric studies, only Phases I, II and III are required.
• Air quality calculations (Phase III) may be queued. For example, all the
data processing (Phase II) can be executed in advance and then, the 
dispersion runs for each dataset queued. This is an advantage as air 
quality modelling generally takes a few days to complete.
• The system configuration can be saved. Hence, if the same tools or
datasets are used, then some phases do not need to be repeated. An 
example of this is Phase I, in which the air quality tools are selected. If 
the same tools are used for different air quality investigations, then 
Phase I only has to be run once.
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Tool selection
Phase II
Data
processing
Phase III
Air quality 
calculation
Phase IV
Air quality 
assessment
Phase V Phase VI
Traffic
scenarios
Report
generation
Figure 3.4: Generic system design
3.4 Summary
In this chapter, the first two stages In the system development, the requirement 
analysis and the design specification, are presented. The main requirement of this 
system was to link air quality tools through a generic, modular GUI. These tools
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were linked by automating the processing of their input and output into formats that 
were compatible with one another. Decision support systems were also included in 
the system in order to automatically determine population exposure and test traffic 
scenarios. All the data generated are summarised into standard spreadsheet or GIS 
formats. These requirements were aimed at reducing the time involved in 
conducting air quality studies. Laborious and tedious tasks may be completed 
quickly, hence simultaneously reducing time and costs.
The system was divided into six phases. The phases may be implemented on any 
operating system platform, using any programming language and may be used as a 
whole or independently. The next stage in the software development process is to 
design and implement the program. This will be discussed in detail in the following 
chapter.
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4 System  Im plem entatio n
4.1 Introduction
In this chapter, the next two stages in the development of the integrated system are 
presented, namely the program design and program implementation, as highlighted 
in Figure 4.1.
SYSTEM
IMPLEMENTATION
REQUIREMENTS ANALYSIS
Specify requirem ents In terms 
o f the problem  and  the 
function o f the system
Basic system  design
system  design in a 
program m ing language
ail system  design, i.e . 
m odules design
M odules, integration and  
system  testing for bugs and  
errors, i.e. verification and
Further system  developm ent  
and im provem ents
Figure 4.1: Waterfall diagram representing the integrated system
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The program design involved the identification of modules for each phase of the 
integrated system, as described in Section 3.3. The individual modules were 
designed to be stand-alone, however, to conduct an air quality assessment, all or 
most of the modules are required. Therefore, the individual modules were also 
integrated into a single application via a GUI (Figure 4.2). This single application 
was called IMPAQT (Integrated Modular Program for Air Quality Tools) (Lim, et al., 
2002; Lim, et al., 2003). It comprised a suite of GUIs, designed using Microsoft® 
Windows standard dialog boxes, icons and toolbars.
-  n  X
File Options About
Phase 1: Tool selection Phase 4 : Air quality assessment
Phase 2: Data processing Phase 5: Traffic scenarios
Phase 3: Air quality calculation Phase 6 : Report generation
Exit
Figure 4.2: Integrated Modular Program for Air Quality Tools (IMPAQT)
The following sections now describe in detail, the design and implementation of 
each phase and module within IMPAQT.
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4.2 Program design
Figure 4.3 shows the relationship between the six phases identified in the design 
specification and the actual program design for IMPAQT.
System framework IMPAQT
Phase II
Data
processing
Phase III
Air quaiity 
caicuiation
Phase IV
Air quaiity 
assessment
Phase V
Traffic
scenarios
Phase VI
Report
generation
Phase 1 Phase 1
Tooi seiection Interface Module 1
Phase II
Interface 
Module 2a, 
2b, 2c, 2d
Phase III
Inter
Modu
3
ace
e3a,
b
Phase IV
Interface 
Module 4
Phase V
Interface 
Module 5
Phase VI
Interface 
Module 6
Figure 4.3: Comparison between design specification and program design
As can be seen, each phase was sub-divided into modules, known as “interface 
modules". These modules were designed by coupling the results from the various 
air quality tools used.
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4.2.1 Phase I: Tool selection
Phase I aiiows the user to seiect the tools to be used for the air quality investigation. 
It comprises one interface module, Interface Module I (Tool selector). This module 
determines the correct filters to be utilised for data processing (Phase II), and the 
appropriate toois to be applied in the other phases.
AN the tools and packages supported by the integrated system such as transport 
models, emissions inventories, dispersion modeis and GIS, are displayed in a GUI 
as shown in Figure 4.4.
Tool selector _ n  X
Transport model
r  CTM95 
C  CTM98
Emissions inventory Dispersion model GIS
OK Cancel
Figure 4.4: Interface Module I -  Tool selector
The options selected via Interface Module I are stored in a configuration fiie, which 
is used each time IMPAQT is run. Therefore, if the same toois or packages are 
used in subsequent runs, the same configuration file will be used without the need
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for repeating Phase I.
4.2.2 Phase II: Data processing
Phase II alleviates and expedites the data processing requirements in air quality 
studies. To achieve this, four modules, Interface Modules Ha, lib, Ho and lid were 
developed, as summarised in Table 4.1.
Table 4.1: Data to be processed in Phase II
Interface
Module
Data
source/type
Data processed Data used by
lia
Transport
model
• Traffic
parameters, e.g.; 
0 Traffic mix 
0 Traffic flow 
0 Traffic speed 
0 Time varying 
emission 
factors
• Emissions inventory
• Decision support -  
traffic scenario
lib
Emissions
inventory
• Emission rates
• Emissions inventory
• Dispersion model 
0 Screening
modelling 
0 Detailed modelling
lie
Hourly
sequential
meteorological
data
• Meteorological 
parameters, e.g.: 
0 Time of year 
0 Wind speed 
0 Wind 
direction 
0 Cloud cover
• Dispersion model 
0 Screening 
modelling 
0 Detailed modelling
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Statistical • Dispersion model
lid meteorological
• Atmospheric 0 Screening
data
stability modelling
The first two modules pre-process emissions data, while the latter two, manipulate 
meteorological data. Once processed, the emissions and meteorology information 
can be directly applied to the dispersion model. The user has access to these four 
interface modules through a GUI, as shown in Figure 4.5.
Data processing -  n  X
Emissions
Create road source template
Meteorology
Create real-time met file
Create grid source template Create statistical met file
Create emissions inventory
Exit
Figure 4.5: Phase II -  Data processing
Filters were created to process the emissions and meteorological data into usable 
formats. In addition, they were applied to automate data transfer/retrieval between 
tools and phases. The functions of these filters are demonstrated in Figure 4.6, 
which shows sample output from a transport model. Two filters were used to extract 
and format the necessary data, before the data were transferred to the emissions 
inventory. The first filter copied and formatted the data into a workbook, whilst the 
second filter then selected and transferred this data to an emissions inventory.
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(a) Sample data files (b) Filter functions
Index I AIISpeed_08 I HDVFIow_08 j LDVFIow_08
LinklO Class/Index 1 HDVSpeed_08 1 LDVSpeed_08 HDVFIow_08 LDVFIow_08
1
Source_name Road_width Vehlcle_catego>y Average_speed Vehicle_count
HDV
LDV
/  Original traffic data /
1 FILTER 1
/  Formatted traffic data /
1 FILlPER 1
Emissions inventory
Figure 4.6: The functions of filters
Emission rates do not have to be calculated for every type of emissions inventory. 
Many emissions inventories are stand-alone applications capable of calculating 
emission rates from traffic flow, speed and the relevant emission factors. However, 
some inventories act only as a database for the dispersion model, i.e. the emission 
rates have to be externally calculated. The type of emissions inventory to be used 
in a particular air quality study is determined by Interface Module I from Phase I. 
Most advanced dispersion models have a built-in emissions inventory. Therefore, it 
is compatible with the dispersion model; facilitating data transfer between the two 
tools. For this integrated system, the latter form of emissions inventory is used.
interface Module lia: Traffic data extractor
This interface module collates, extracts and formats the necessary data from the 
transport model to obtain average traffic flow and speed on pre-selected road links. 
These data are transferred to the emissions inventory and are used to calculate the 
hourly time varying factors. Figure 4.7 illustrates the relationship between the 
various sub-modules in Interface Module Ha with the emissions inventory.
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Selected road 
links
Traffic data 
on road links
Geometrical 
properties of 
road links
Collate and extract only the necessary data
Find speed Find time varyingemission factors
Are emission rates 
required?
Yes
Find emission rates
Emissions Inventory
Figure 4.7: Flow diagram for Interface Module lia
To create an emissions inventory that can be used by the dispersion model, 
Interface Module lie processes three sets of data files. These are (as shown in 
Figure 4.7):
• Dataset 1 -  Selected road links: This may range from all the roads
within the study area (a few hundred links), to all the roads in the 
transport network (a few thousand links). The file may be created from 
traffic information generated by a transport model, through a 
spreadsheet or a GIS interface. Therefore, the resulting file may be in a 
spreadsheet or database format.
• Dataset 2 -  Predicted traffic data: This is the output from the transport
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model. Two different traffic datasets are required. The first contains 
data on “a// vehicles" (total vehicle). This is used to determine time 
varying emission factors for the transport network. The second dataset 
contains heavy duty vehicles (HDVs) and light duty vehicles (LDVs) 
information. The hourly average traffic flow and speed for both HDVs 
and LDVs, on each individual link, are obtained from this dataset. These 
files are generally in spreadsheet format.
• Dataset 3 -  Geometrical properties of road links: These include
coordinates of road vertices, road widths, canyon heights and canyon 
widths. Definitions for these properties are provided in Appendix B.1. 
These data are required by the dispersion model to calculate pollution 
levels caused by traffic on selected roads. The properties may be 
extracted from various sources such as transport models or GIS maps.
Data to be filtered from the original traffic data (definitions of the traffic data 
terminology are presented in Appendix B.2) are provided in Table 4.2. Each data 
source or type will have a specific filter, due to the format difference.
Table 4.2: Traffic data to be filtered
Data
source/type
Typical data available for all links
Data filtered for pre-selected 
links
• Link ID, Pair ID
Transport • Class, Index
model or • A-node, B-node • Link ID
maps • District
• LTP area
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Transport
modei
Class, Index 
A-node, B-node 
Link ID, Pair ID 
Length
Link capacity, 12-hr capacity 
Speed for “all vehicle" and HDVs 
(for 7 time-period and the 12-hr 
average)
• Flow for “all vehicle", HDVs and 
LDVs (for 7 time-period and the 
12-hr average)
Link ID 
Class, Index 
Length
Speed for “all vehicle" and 
HDVs (for 7 time-period and 
the 12-hr average)
Flow for “all vehicle", HDVs 
and LDVs (for 7 time-period 
and the 12-hr average)
Transport 
model or 
maps
County/District Boundary 
Link ID
A-node, A-node X, A-node Y 
B-node, B-node X, B-node Y 
Coordinates for road segments 
Link description 
Class, Index, Road width 
Canyon heights. Canyon widths 
Buildings
Link ID
A-node, A-node X, A-node Y 
B-node, B-node X, B-node Y 
Coordinates for road segments 
Class, Index, Road width 
Canyon heights. Canyon 
widths
A “filter"’ file is created to store relevant information specific to a particular model. 
This file contains information such as the location of the required data. A sample 
“filter"’ file is shown in Table 4.3. The file has the advantage of being in standard 
spreadsheet format. Therefore, the user can easily modify the filter to support 
another package.
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Table 4.3: Sample CTM “filter ’^ file to copy "a// vehicle” traffic data
Data Column to copy
Link ID 5
Class/Index 10
All 07 Flow 20
All 08 Flow 21
All 09 Flow 22
All IP Flow 23
All 16 Flow 24
All 17 Flow 25
All 18 Flow 26
All 12-Hr Flow 27
All 07 Speed 12
All 08 Speed 13
All 09 Speed 14
All IP Speed 15
All 16 Speed 16
All 17 Speed 17
All 18 speed 18
Once the necessary data has been collated and extracted, it would have to be pre- 
processed to find the average hourly speed for both HDVs and LDVs for a typical 
day. To calculate the average speed of HDVs, a set of equations is used. First, the 
average HDV speed, V[hdv] , is calculated from the speed of the seven modelled 
time period (6 peaks and 1 inter-peak), as indicated by Equation [4.1].
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V[HDV]
where:
_  ^07[HDV] +  ^08[HDV] +  ^09[HDV] +  ^IPIHDV] +  ^16[HD\/] +  ^17[HPV] +  ^18[HDV] [4.1]
V[HDV] = Average HDV speed
^)7,08,09,16,17,18 [HDV] “  HDV Speed for 0700, 0800, 0900, 1600,
1700,1800 hours respectively 
V/p(hdv] = HDV speed for inter-peak periods
V[HDV] is then rounded to the nearest integer that is divisible by 5. Next, a check is 
conducted to ensure that V [hdv] is between 5 and 100 km/hr. If V[hdv] is less than 5
km/hr, the minimum value of 5 km/hr will be set. Conversely, if it is greater than 100 
km/hr, it is set to the maximum value of 100 km/hr. These two steps ensure that the 
speeds are in the range of the speed-reiated emission factor database (DETR, 
1994; DETR, 1999). Before HDV speeds are finalised, another check is performed, 
in this case, the individuai V[hdv] is checked to ensure that it is not greater than the
respective link speeds, if it is, V[hdv] will be set to the link speed.
Most transport models do not provide information on LDV speeds. Therefore, it is 
assumed that the LDV speeds are equal to the link speeds. The same steps used 
to determine V[hdv] are then appiied to obtain the average LDV speed, V[ldv] . vby, 
08, 09, 16, 17,18 [HDV] sud V/p[HDV] in Equation [4.1] are replaced with Vo7, 08, 09, 16, 17,18 [aii 
Vehicle] and Vip[Aii Vehicle] respectiveiy to find V[ldv] . The checks to ensure that V[ldv] 
falls within the speed-reiated emission factor database are similariy performed 
(DETR, 1994; DETR, 1999). However, for LDVs, the range is between 5 to 130 
km/hr. The steps to find HDVs and LDVs may be graphicaliy illustrated by Figure 
4.8 (a) and (b) respectiveiy.
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(a) To find average HDV speed (b) To find average LDV speed
<5? <5?
Is speed > 100? > 130?
< link speed?
Speed = 5
Speed = 100
Speed = 5
Speed = 130
Round speed to 
nearest integer 
divisible by 5
LDV
speed
= Link
Average HDV 
speed = link
Find average 
LDV speed
Average HDV 
speed = speed
Find average 
HDV speed
Average LDV
Round speed to 
nearest integer 
divisible by 5
Figure 4.8: Steps to find average HDV and LDV speeds
With the average hourly speed for both HDVs and LDVs calculated, Interface 
Module lie proceeds to finding the average hourly flow for the “all vehicle" and 
“Individual vehicle" (HDVs and LDVs) category. Generally, transport models only 
simulate flows for the critical hours of the day, i.e. the peak hours (0700, 0800 and 
0900 hours; 1600, 1700 and 1800 hours), the day inter-peak hours (1000 -  1500 
hours) and 12-hour weekday day flow (0700 -  1800 hours). Therefore, to find the 
average hourly flows on the road links, three annualisation factors are required. 
These factors are used to convert:
• 12-hour weekday day to 24-hour weekday flow -> FDay
• 24-hour weekday to annual weekdays flow -> F Weekdays
• Annual weekdays to annual weekdays and weekends flow •> FYear
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The annualisation factors are dependent on where the transport model is applied 
(i.e. the modelled area) and the base year dataset. They may be obtained from the 
local transport plan or the national default dataset (DEFRA, 2003c). These 
conversion factors, are used in Equations [4.2] -  [4.4], to calculate the 24-hour 
weekday flow, Q24Hr\ the annual weekdays flow, Qweekdays, and the annual weekdays 
and weekends flow, Qvear, from the 12-hour weekday day flow, Q 2^HrDay■ Equations
[4.2] -  [4.4] are listed in a general form. Therefore, the same equations may be 
applied to determine the “all vehicle”, HDVs and LDVs flows by using the 
appropriate flow terms, Q[ah veNcie]) 0 [h d v i 0 [ ld v i-
Q24Hr - Q^2HrDay X F Day [4.2]
^Weekdays ~ Q24Hr X F Weekdays [4.3]
Q vear ~ ^Weekdays X F Year [4.4]
where: 0^2HrDay = 12-hour weekday day flow
024H r = 24-hour weekday flow
^Weekdays = Annual weekdays flow
Oyear = Annual weekdays and weekends flow
J~Day = Factor to convert Q^2HrOay to Q24Hr
F  Weekdays = Factor to convert 024Hr to Qweekdays
F Year = Factor to convert Qweekdays to Q year
Other traffic parameters required to determine the average hourly vehicle flow and 
time varying emission factors may be calculated from the flows found in Equations
[4.2] -  [4.4]. The equations used to find these other flow parameters are listed in 
Equations [4.5] -  [4.7]. Similar to Equations [4.2] -  [4.4] set out previously. 
Equations [4.5] -  [4.7] are listed in their general forms. The substitution of the 
appropriate terms will provide flows for “all vehicle”, HDVs and LDVs.
Q^2HrNight
^Weekends
QzAHr
Ovear
Q 2^HrDay
^Weekdays
[4.5]
[4.6]
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where: Q^ 2HrNight = 12-hour weekday night flow
Qweekends = Annual weekends flow
Qsat_sun = 24-hour Saturday or Sunday flow
The average hourly flow can then be determined using Equation [4.8] from the flows 
found in Equations [4.2] -  [4.7]. Again, Equation [4.8] is provided in its general form.
Q _  {^24H r X S ) +  (Osaf_Sun ^ gj
7 days X 24 hours 
where: Q = Average hourly flow
The average hourly flow, Q , found in Equation [4.8], is coupled with the time varying 
emission factor, in dispersion calculation to determine pollutant concentration. 
Before these factors can be calculated, the flow for each hour of the day has to be 
first determined. The equations to find the hour-specific flow are depicted by 
Equations [4.9] -  [4.11]. Similar to Equations [4.2] -  [4.8], the foliowing equations 
are also applied to find the hourly “all vehicle", HDVs and LDVs flows.
Oo7.08,09,16,17,18,/P "  Qo7,08,09.16,17.18,/P [4-9]
^  [4.10]
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O s a t
Q:Sat Sun
Sun [4.11]24 hours
where: Qo?. os, os, is, i?, is = Weekday flow for 0700, 0800, 0900,
1600,1700 and 1800 hours respectively
Q/P = Weekday flow for inter-peak periods
(1000, 1100, 1200, 1300, 1400, 1500 
hours)
QNight = Weekday flow for 1900 -  0600 hours
periods (1900, 2000, 2100, 2200, 2300, 
0000, 0100, 0200, 0300, 0400, 0500, 
0600 hours)
Q sat Sun = Average hourly Saturday or Sunday flow
With the individual hourly flows calculated in Equations [4.9] -  [4.11], the time 
varying emission factors, E, can be found from Equations [4.12] -  [4.14]. These 
factors are expressed as the fraction of the individual “all vehicle" hourly flows and 
the average “all vehicle" hourly flow. E is used to describe the diurnal pattern of the 
traffic flow along a specific road link.
Q.
C 0 7 , 08, 0 9 ,1 6 ,1 7 ,1 8 , IP  [All Vehicle] 
F l ig h t  [All Vehicle]
F s a t_S u n  [All Vehicle]
where:
07,08,09,16,17,18JP [All Vehicle] 
0 [ A I I  Vehicle]
^ N ig h t [All Vehicle]
Q [A II  Vehicle]
Q  Sat _  Sun [All Vehicle]
[4.12]
[4.13]
[4.14]
0  [All Vehicle]
Eo7, 08,09,16,17, 18, iP [A ii Vehicle] ~ Emission factors for weekdays
0700, 0800, 0900, 1600, 1700, 
1800 and inter-peak hours 
respectively 
= Emission factors for weekdays 
1900 -  0600 hours periods 
= Hourly emission factors for 
Saturday and Sunday
E a/,VNight [All Vehicle]
-Sat_Sun [All Vehicle]
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Traffic speed, flow and time varying emission factors for the road links under 
investigation are calculated by Equations [4.1] -  [4.14]. At this stage, if emission 
rates are required. Equation [4.15] will be applied. If not. Interface Module Ha 
automatically transfers the relevant speeds, flows and time varying emission factors 
to the emissions inventory, as illustrated in Figure 4.7. As previousiy noted, the type 
of emissions inventory used determines the need for the emission rates calculation.
Emission rates = Q x Emission factors [4.15]
The emission rates are calculated from the average hourly flow, Q , and the speed- 
related emission factors. The emission factors used in IMPAQT are taken from the 
Design Manual for Roads and Bridges (DMRB) 1994 and 1999 datasets (DETR, 
1994; DETR, 1999). The DMRB datasets are widely applied in UK air quality 
studies. Each dataset prescribes a factor for both HDVs and LDVs, at different 
speeds, on a particular year. A description of these factors is provided in Appendix 
B.4. Once obtained. Interface Module Ha transfers these road sources' emission 
rates to the emissions inventory.
Interface Module lib: Total emissions calculator
Interface Module Ha extracts and formats the emissions data for other pollutant 
sources. Emissions from other sources have to be included in dispersion 
calculations, even though traffic is the main source of pollutants in urban areas. 
This is to provide a more accurate prediction of pollutant concentrations. Examples 
of other sources of emissions in urban areas are industrial and domestic sources.
To create an emissions inventory that can be used by the dispersion model. 
Interface Module Hb processes three sets of data files. These are (as shown in 
Figure 4.9):
• Dataset 1 -  Selected grids: These grids should cover the whole study 
area. It is defined through a listing of the minimum and maximum 
coordinates of the study area.
• Dataset 2 -  Estimated emissions data: This may be obtained from the
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National Atmospheric Emissions Inventory (NAEI). These files are 
generally available in text format.
• Dataset 3 -  Geometrical properties of grids: These include coordinates 
of grid vertices and depths. These data are required by the dispersion 
model to calculate pollution levels caused by the selected grid sources.
In the UK, the NAEI is generally used to provide emission estimates from most 
sources, if localised data are not available (NAEI, 1996a; NAEI, 1998a). Since 
emissions from road sources may be obtained from the local transport model, NAEI 
is primarily used by IMPAQT to provide emission estimates from industrial, domestic 
and miscellaneous sources (except offshore oil/gas and nature). These emissions 
are described as 1 km x 1 km grid sources, with the units of tonnes/km^/year.
Interface Module lib is used to obtain the total emissions over a study area from 
NAEI. Emissions from all sources are used because most dispersion models have 
algorithms to ensure that emission rates are not double-counted. This means, 
dispersion models subtract emissions from sources that are modelled discretely 
(such as road sources), from the gridded emissions. Therefore, to avoid “negative" 
emissions, the total emissions have to be applied.
The methodology adopted by Interface Module lib is depicted in Figure 4.9. Firstly, 
NAEI data files for the study area, pollutant and year under investigation are 
collated. The current NAEI dataset may be available as a national, regional, county 
or local authority map. Emissions for pollutants such as NOx, VOCs, PMio and CO 
may be compiled as individual files for the years 1996 and 1998. An example of this 
dataset is a map for PMio emissions in Surrey for the year 1996. These emission 
rates are transferred to the emissions inventory once they have been pre- 
processed.
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NAEI data file for a specific study 
area, pollutant and year
No+
Yes
Emissions Inventory
amissions from r o a d \^  
sources (NAEI) > emissions 
\ f r o m  aggregated r o a d / '  
sources?
Find emissions from other 
sources except roads
Find emissions from aggregated 
road sources
Grid source depth
Emissions from road sources = 
Emissions from aggregated road 
sources
Emissions from road sources = 
Emissions from road sources 
(NAEI)
Convert emission rates (other sources) from tonnes/knf/year 
to g/m^/s
Obtain required coverage of emissions
Total emissions = Emissions from other sources + Emissions from road 
sources
Figure 4.9: Flow diagram for Interface Module lib
Once the required datasets are obtained, the relevant coverage for the NAEI 
emissions have to be defined. The coverage area has to enclose all the road 
sources that are modelled discretely. Figure 4.10 (a) and (b) respectively illustrate 
the correct and wrong definition of the coverage area for the NAEI emissions. The 
coverage area is described by the minimum x- and y-coordinates and the number of 
horizontal and vertical cells required.
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Grid
source
Road source
(a) The correct coverage
Grid
source
Road source
(b) The wrong coverage
Figure 4.10: The definition of coverage area for NAEI emissions
A filter is used to extract and copy only the emissions within the coverage area. 
Information that is extracted comprises;
• The easting and northing of the grid sources;
• Total, roads, industrial, domestic and miscellaneous emissions.
Once the required data have been filtered, they can then be pre-processed. Firstly, 
the NAEI emissions that are available in tonnes/km^/year have to be converted to 
g/m^/s. This is the unit generally used by dispersion models to describe grid 
emissions.
To find the total emissions, the extracted NAEI data have to be firstly pre-processed 
to obtain emissions from all sources other than roads. This is depicted by Equation
[4.16].
Other emissions = NAEI total emissions -  NAEI road emissions [4.16]
Since road emissions may also be obtained from the local transport model, the 
suitability of the NAEI road emissions have to be tested. NAEI major road
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emissions were estimated from traffic count data compiled by the Department of 
Transport (DoT) (NAEI, 1996b) or from traffic flow data provided by DETR (NAEI, 
1998b). For minor roads, where traffic flow data were not available, the emissions 
were estimated from national traffic statistics (NAEI, 1998b). Therefore, NAEI road 
emissions may not be suitable at describing local traffic conditions. Conversely, a 
transport model is generally used to describe traffic flows on major and minor roads 
within the local transport network.
To find the most suitable dataset for dispersion calculation, aggregated road 
emissions have to be determined. These are road emissions from a transport model 
that are treated as grid sources instead of line sources. Aggregated road emissions 
may be generated automatically by an emissions inventory or by using Equation
[4.17].
Aggregated road emissions = ^ [4.17]
^Grid
where: I^ ERTransport Model = Total emission rates from transport
model’s road sources within the selected 
1 km X 1 km grid (g/km/s)
SL = Total road lengths in selected grid (m)
Acrid = Area of selected grid, 1x10® m^
Aggregated road emissions from a transport model may be greater or less than the 
NAEI road emissions. Therefore, as a guideline, the higher emissions between the 
two should be used, i.e. if the road emissions from the NAEI is greater than the 
aggregated road emissions, than the NAEI emissions will be used, and vice-versa. 
This is a precautionary approach that will produce a conservative pollutant 
concentration prediction.
Once the most suitable data source for road emissions has been selected, the total 
emissions can be determined from Equation [4.18]. These results are then 
transferred to the emissions inventory.
Total emissions = NAEI other emissions + Selected road emissions [4.18]
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Another parameter that has to be defined is the grid source depth. The depth is 
determined by the height of the releases of the sources (i.e. road, industrial, 
domestic) and the depth through which the emissions are initially mixed. This 
ranged from 30 m for suburban areas, to 100 m for large conurbation (CERC, 
2001a).
The flow diagram depicted in Figure 4.9 is applied to determine the emissions for 
just one pollutant. Consequently, if other pollutants have to be investigated, the 
whole process has to be repeated. Once the emissions for all the pollutants of 
interest have been determined, the emissions inventory can then be applied to the 
dispersion model.
Interface Module lie: Hourly sequential meteorological data formatter
Interface Module Ho has the function of extracting only the necessary information 
from a raw meteorological dataset. It then converts the data into a format that is 
compatible with the dispersion model.
Meteorological data is a vital component in any dispersion calculation. It is used to 
describe atmospheric stability, which determines the level of pollutant dispersion. 
Hourly sequential meteorological data are usually utilised to predict hourly (short­
term) or average (long-term) concentrations in screening or detailed assessments. 
These results are important, as they are needed for:
• Models and data validation/verification;
• Comparison with health-based air quality standards.
Hourly sequential meteorological data may be obtained from various sources such 
as the UK Meteorological Office, the British Atmospheric Data Centre (BADC) or 
from local observations. Occasionally, these data may be available in a format that 
is compatible to a specific dispersion model. There are two major disadvantages to 
this type of model-specific meteorological data. Firstly, the data has to be 
reformatted or a new set of data has to be purchased if another dispersion model is 
used. Secondly, pre-processed data are generally expensive, approximately £440 +
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VAT per year of dataset, for data collected from a weather station (CERC, 2001a). 
Therefore, obtaining a raw meteorological dataset from local, national or 
international organisations increases its applicability. Furthermore, they are 
generally cheaper, publicly available and free for research purposes.
The first step in the meteorological data pre-processing is to identify its scope, in 
terms of time period and parameters, required by the dispersion model. Hourly 
sequential meteorological data are available as hourly observations. These consist 
of 8760 (or 8784 in a leap year) meteorological lines, one for each hour of the year. 
This type of hourly data is flexible and contains vast information for different 
meteorological parameters. It is possible that not all 8760 lines of data are used. 
The time period to be selected is dependent on the type of concentration output 
required. For instance, if an hourly (pollution episode) or daily average 
concentration is needed, then only meteorological data for the specific day is 
required. Consequently, the user may select the required time period through 
Interface Module He. Only the corresponding meteorological lines for the time 
period will be extracted and stored.
Similarly, not all parameters from the meteorological file will be used. Table 4.4 
shows a sample of the parameters available in the raw data stored at the BADC. 
Only parameters which will be required by the dispersion model to describe the 
atmospheric conditions for the specific time period selected previously will be 
filtered, and stored in a workbook.
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Table 4.4: Sample of meteorological data to be filtered from the BADC dataset
Parameters available Parameters to be filtered
Station ID
Year
Month
Day
Hour
Wind direction 
Wind speed 
Total cloud amount 
Cloud type 
Cloud base amount 
Cloud base height 
Horizontal visibility 
Vertical visibility 
Mean sea level pressure 
Temperature 
Altimeter pressure 
State of ground
Year
Month
Day
Hour
Total cloud amount 
Wind speed 
Wind direction 
Temperature
In addition to extracting the necessary data, Interface Module He is also used to 
convert these filtered meteorological data into units applicable to the dispersion 
model. For instance, two conversions are carried out for meteorological data from 
BADC for use by ADMS-Urban. These are to convert month and day, to the day 
number of the year (TDay) (Equations [4.19] -  [4.20]) and to convert the wind 
speed, U, in knots to m/s (Equation [4.21]).
To convert the month and day to TDay, it has to be first determined if the 
meteorological year under investigation is a leap year. This can be found by 
Equation [4.19]. Equation [4.19] will not have a remainder if it is a leap year, i.e. 
IsltALeapYear = 0. In this case, February will have 29 days and thus Equation 
[4.20] will have to use the appropriate number of days to accommodate this.
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IsltALeapYear
where:
= Remainder (Year / 4) [4.19]
IsltALeapYear = Parameter to determine whether it is a 
leap year
TDay,Month DayMonth + TDayMonth-1 [4.20]
where: TDay Month = Day number of the year for a particular
month from January to December 
DayMonth = Number of days in the particular month
TDay/vfonf/j-ï = Day number for the previous month
Equation [4.21] is used to convert wind speed, U, from knots to m/s. Knots is the 
most common unit used to describe wind speeds as they are normally measured for 
navigation purposes, i.e. for planes and ships.
U knots
where:
= (0.514 X U) m/s
U = Wind speed in knots
[4.21]
The filtered data with the appropriate units are then formatted, so that the data can 
now be directly applied to the dispersion model, to determine pollutant 
concentration.
Interface Module lid: Statistical meteorological data formatter
Interface Module lid  translates an atmospheric stability meteorological dataset into a 
format applicable to a dispersion model. Typically, each hourly sequential 
meteorological data file is 2 to 3 MB in size and contains a year of hourly data. 
Hence, the dispersion modelling runtime is high when hourly sequential 
meteorological data is applied, especially if the annual mean concentration is 
required. For screening purposes, where high accuracy is not required, a statistical 
dataset may be used. This type of dispersion modelling run is generally quick and 
thus, “hot spots” which need detailed assessment may be identified in less time.
IMPAQT uses a type of statistical dataset that is widely applied in the UK for 
screening assessments. This is the National Radiological Protection Board (NRPB)-
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R91 Pasquill-Gifford stability categories (Clarke, 1979). This statistical dataset 
comprises meteorological data used to describe atmospheric stability. It is generally 
applied to predict short-term concentrations for each stability category. A frequency 
map of occurrence for these stability categories over Great Britain (GB), as 
illustrated in Figure 4.11, is coupled with this statistical dataset to provide 
information on atmospheric condition in a region. This map can be used to 
determine the likelihood of each stability category occurring in different areas within 
GB.
Figure 4.11: Frequency of stability categories over GB (Clarke, 1979)
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To create the appropriate NRPB-R91 meteorological file for specific area, the 
following information is required:
• Wind speed, U
• Boundary layer height, H
• Surface heat flux, FTHETAO
• Wind direction, PHI.
The first three parameters are compiled from Table 2 (page 19) and Figure 2 (page 
21) of the NRPB-R91 report (Clarke, 1979). The typical values used to describe 
each stability category are summarised in Table 4.5.
Table 4.5: Typical values for each stability category (Clarke, 1979)
Stability category l/a t 10 m (m/s) H(m) FTHETAO  (W/m^)
A 1 1300 240
B 2 900 130
0 5 850 120
D 5 800 0
E 3 400 -12
F 2 100 -16
G 1 100 -18
All stability categories shown in Table 4.5 are associated with a wind direction, set at 
an interval of 10° (0° -  350°; 36 intervals). A meteorological file containing the 
parameters listed in Table 4.5, and for each wind direction is setup and formatted by 
Interface Module lid.
This NRPB-R91 statistical dataset only contain 252 lines of data (approximately 8 
KB in size) for an annual mean prediction. Atmospheric dispersion has to be 
calculated for each meteorological line. Therefore, the reduction in meteorological 
lines greatly decreases the runtime of a dispersion model, sometimes up to 90%
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compared with a real-time run. Hence, this file is ideal for screening runs.
4.2.3 Phase III: Air quality calculation
Phase III involves the application of the dispersion model to obtain pollutant 
concentration. To achieve this, the phase was divided into two interface modules, 
Interface Modules Ilia and lllb. The GUI for this phase is shown in Figure 4.12, 
while the flow diagram for the two interface modules is illustrated in Figure 4.13.
Air quality calculation -  n X
Please select the type of run required:
-Screening assessment ----------
Screening run! Analyse results
Detailed assessment 
r  Detailed run
OK Cancel
Figure 4.12: Phase III -  Air quality calculation
Chapter 4: System implementation 82
Traffic-related air pollutants in an urban area February 2004
Interface 
Module Ilia
Yes
Is it a detailed run?
No
Interface 
Module lllb
Phase I & 
Phase II
Pollutant concentration
Statistical analysis
Dispersion model 
{Interface Module I) 
Emissions inventory 
{Interface Module lia  & lib) 
Meteorological data 
{Interface Module He)
Dispersion model 
{Interface Module I) 
Emissions inventory 
{Interface Module Ha & Hb) 
Meteorological data 
{Interface Module I Id)
Figure 4.13: Interface Module Ilia and lllb of Phase
Interface Module Ilia -  Type of run selector
Interface Module ilia allows the user to select the most appropriate type of 
dispersion model run required. In air quality prediction, two type of runs can be 
conducted, a screening or detailed run. A comparison between these runs is 
summarised in Table 4.6.
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Table 4.6: Comparison between screening and detaiied runs
Criteria Screening run Detaiied run
Accuracy Low High
Application Identify “hot spots"
Determine boundary of 
“hot spots"
Complex post-processing 
required
Yes No
Cost Low High
Necessity of run
For all locations within 
study area
For all locations or only 
at locations identified 
through screening
Resolution Low High
Output Receptors and grids Receptors and grids
Runtime for annual mean Low High
Type of meteorological data Statistical Hourly sequential
Type of prediction Short-term Short- or long-term
As a general rule, for a major urban conurbation, screening runs should be 
conducted first, to identify “hot spots" within the whole study area. Detailed 
modelling runs are only necessary at locations with “hot spots” and relevant 
exposure. This greatly reduces the number of modelling areas required. For a 
small urban area, detailed assessments can be directly applied to the entire region.
If a detailed modelling run is chosen, then the dispersion model will apply the 
emissions inventory generated by Interface Modules lia and lib and the hourly 
sequential meteorological data pre-processed by Interface Module He, as depicted in 
Figure 4.13. In addition to these data, the dispersion model may require other 
model parameters such as surface roughness of the area, chemistry scheme and 
locations of receptors, to predict pollution levels. The predicted concentrations, 
either short-term or long-term, do not need complex post-processing. Therefore, the
Chapter 4: System implementation 84
Traffic-related air pollutants in an urban area___________________________February 2004
results from a detailed run can be directly transferred to Phase IV, for an air quality 
assessment.
If a screening modelling run is selected instead, the same emissions inventory 
compiled by Interface Modules Ha and Hb as for a detailed run is used together with 
the statistical meteorological data pre-processed by Interface Module Hd, as 
illustrated in Figure 4.13. Similar to a detailed run, other model parameters are 
required to predict pollution concentrations. The predicted short-term results need 
further processing before they can be transferred to Phase IV. Therefore, the 
results from a screening run has to be first post-processed by Interface Module HIb 
before any assessment can be carried out.
Interface Module I lib -  Statistical calculator
Interface Module HIb post-processes the screening results from the application of 
the dispersion model. In this module, statistical analysis is used to obtain long-term 
air pollution concentrations, such as annual average, from predicted short-term 
concentrations.
In screening runs, a pollutant concentration is predicted for every meteorological line 
that describes the seven atmospheric stability categories, for each wind direction, at 
all receptor points. These concentration levels cannot be directly used for air quality 
assessments as each of the seven atmospheric stability categories may have 
different probabilities of occurrence. For instance, category A, which is typical of hot 
sunny days, is the most unstable and infrequent in the UK. Therefore, to calculate 
the annual mean, the application of a simple averaging method is not suitable.
To ensure that the results from the screening run are applicable in air quality 
assessments, pollution levels have to be associated with the frequency of 
occurrence of each stability category in the study area. Once the contribution of 
each short-term pollutant concentration towards the annual mean is correctly 
determined, the results are then assessed for any likely exceedances.
The map illustrated in Figure 4.11 and the data from Table 4.7 are used to 
determine the percentage occurrence of each stability category in the region under
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investigation (GB only). For example, from Figure 4.11, the chart value for Guildford 
is 50. Thus, from Table 4.7, the average wind speed of 3.5 m/s was used for the 
region.
Table 4.7: Frequency for stability categories over GB (Clarke, 1979)
Average 10 m wind 
speed (m/s)
Chart value
% frequency of stability category
A B 0 D E F G
7.2 80 0.0 4 11 80 3 2 0.0
6.5 75 0.2 4 13 75 4 4 0.5
5.7 70 0.3 4 14 70 6 5 0.7
5.0 ; 65 0.5 5 15 65 7 6 1.0
4.4 60 0.6 6 17 60 7 8 1.4
4.0 55 0.8 7 19 55 7 10 1.7
3.5 50 1.0 8 21 50 8 10 2.0
Once the percentage frequency of each stability category, F, has been determined 
from Table 4.7, the likelihood of occurrence for each wind direction, i.e. percentage 
frequency for each wind direction, Fphi, is calculated from Equation [4.22]. It is 
assumed that each wind direction, at 10° intervals, has the same probability of 
occurrence. Therefore, in total there are 36 different wind directions.
'PHI
F
36
where: Frhi
F
[4.22]
Percentage frequency for each wind direction 
Percentage frequency of each stability 
category
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The average hourly long-term concentration over a year (annual mean), Cahh, for 
one receptor, can be calculated from Equation [4.23a], based on the predicted levels 
for each stability category and wind direction, C; F, and Fphi. The likelihood of each 
concentration level arising from a particular stability category in a year is summed 
up to obtain the total annual concentrations. This is then divided by the number of 
hourly meteorological lines in a year, i.e. 8760. Equation [4.23a] can be further 
simplified to Equation [4.23b]. Therefore, it can be seen that Equation [4.23b] would 
be applicable for a typical year or leap year.
y f c x ^ x 8 7 6 04-j "inn
Ca^  = ^  [4.23a]
C,Ann
8760
l f c x - ^ 1  [4.23b]
V100
where: CAnn = 1-hour annual mean
C = Pollutant concentration for each stability 
category and wind direction
Screening runs are not as accurate as detailed modelling. Uncertainties from 
factors such as stability category assumptions, yearly variation of meteorological 
conditions and background concentrations, may influence the predicted 
concentration levels. These uncertainties have to be accounted for and corrected, 
to produce a sensible set of results. To do this, a correction factor, Cp, has to be 
applied. This factor can be derived from Equation [4.24].
Monitored data, preferably from an automatic monitoring site, should be used to 
determine Cp. The difference between the annual mean of monitored pollutant 
levels, CMon, and the predicted 1-hour mean found in Equation [4.23], CAnn, have to 
be calculated first. These parameters are year specific. Once calculated, the over- 
or under-prediction factor based on the monitored data, Cp, may be determined.
Chapter 4: System implementation 87
Traffic-related air pollutants in an urban area__________________________ February 2004
Cf = [4.24]
^  Ann
where: Cf = Correction factor for prediction from
screening run 
C/tfon = Monitored pollutant concentration (annual
mean)
The corrected pollutant concentration, Ccor, is calculated from Equation [4.25]. It 
should be noted that if more than one automatic monitoring site is available, then 
results from all sites should be used to determine Cp. In this case, a correction 
factor is determined at each site using Equation [4.24]. The average value of all the 
correction factors is then applied in Equation [4.25]. Similarly, Cp should be 
determined for every year under consideration, so that the meteorological variations 
can be accounted for.
C c o r  -  C A n n  X Cp + C A n n  [4.25]
where: Ccor = Corrected pollutant concentration
Equations [4.23] -  [4.25] have to be repeated for each receptor point used in the 
screening run. Hence, significant post-processing is involved, to produce a set of 
sensible screening run results. Interface Module HIb performs these calculations 
automatically, so that the processed results can be directly applied to Phase IV.
4.2.4 Phase IV: Air quality assessment
Phase IV is included in the integrated system to computerise the air quality 
assessment process. It consists of one interface module that assesses air quality 
by locating areas where there are likely population exposure to pollutant levels that 
are above the prescribed air quality targets.
Interface Module IV (Exposure detector) consists of a suite of GIS functions that 
systematically scans the study area to identify residential or public exposure zones. 
To determine these zones, the following data are required:
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• Vector maps of the area under investigation containing outlines of 
building locations and the modelled road sources;
• A GIS pollution map created in Phase III.
Firstly, GIS algorithms are applied to the whole area under investigation. These 
algorithms compare predicted levels from the pollution map with recommended 
pollutant guidelines or targets. Thus, areas where the air quality objectives have not 
been achieved are identified. The targets for each pollutant are different and may 
be amended or subject to change. The integrated system is flexible in this respect 
and offers the user the option to input their own target levels as appropriate for a 
given air quality assessment.
Through the GIS overlay function, locations where the pollution levels exceed the 
target, but do not contain any buildings are discarded as potential pollution “hot 
spots”. Consequently, only areas with buildings and high pollutant concentrations 
are marked as pollution vulnerable areas. All roads located within these “hot spots" 
are recognised as sources with the highest impact within the polluted zones. These 
roads are transferred to a data file, which will be used in Phase V, where alternative 
traffic scenarios can be recommended and tested. If no vulnerable areas are 
identified. Phase VI is invoked, to summarise all the results from Phases I -  IV.
4.2.5 Phase V: Traffic scenarios
Phase V allows the user to test various “what-if’ traffic scenarios. It consists of one 
module. Interface Module V (Traffic scenario builder).
One way of improving urban air quality is to introduce measures to control pollutant 
emissions. A reduction in emissions means a direct reduction in pollutant 
concentrations. Other factors such as meteorology, topography and existing 
building orientations or location of receptors, which affects pollutant dispersion, are 
difficult to control.
Interface Module V provides a selection of traffic scenarios to the user, such as 
traffic-related air quality action plans or traffic growth due to new development
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schemes. Two files are required by Interface Module V to update the emissions
inventory. They are:
• The workbook created in Phase II used to store the processed traffic 
data;
• The data file created in Phase IV used to store the road links identified to 
be in the “hot spots", or a GIS data file, which stores the road links 
identified to have changes in the emission levels.
For the current version of IMPAQT, the following traffic scenarios are available:
• Changes in traffic throughput (traffic reduction or increase) or vehicle 
composition (HDVs and LDVs mix):
0 Reduce/Increase LDVs flow
0 Reduce/Increase HDVs flow
0 Reduce/Increase “all vehicle" flow
0 Exclusion of HDVs from road links
• Traffic calming measures (speed limit changes)
0 Reduce LDVs speeds
0 Reduce HDVs speeds
Each type of scenario has a different set of functions to modify the existing traffic
flow or speed on road links within the “hot spots" or study area. For the change in
traffic throughput or vehicle composition scenarios, the percentage reduction or 
increase, Apen, has to be defined. Then, Aperc is applied to the original traffic flow, Q, 
to obtain the new flow, Qnbw, as shown in Equation [4.26].
Qnbw — Q + (Q X Aperc) [4.26]
where: Qnbw = New flow after application of scenario
Q = LDVs, HDVs or “all vehicle" flow from Phase II
Aperc = Percentage reduction/increase in flow, where
it is negative for reduction and positive for 
increase
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Equation [4.26] is applied to every road link identified from Phase IV, i.e. within “hot 
spots", or the study area. The methodology to exclude HDVs from selected road 
links, does not involve the application of Equation [4.26]. Instead, the HDV flows are 
merely set to zero, to represent no HDV flow on a particular link.
Modifications made to the traffic information are not used as input for a new traffic 
simulation. Scenarios involving the modification of traffic flow are directly applied to 
the “hot spots", or the relevant road links within the study area. Flows on links in 
adjacent zones {“buffer zones") are gradually modified. GIS algorithms are used to 
determine the road links within the so-called “buffer zones".
This methodology is better explained through an example, as illustrated in Figure 
4.14. In this example, if a 30% reduction of LDVs is applied to links within Zone A, 
then a 20% reduction is applied to Zone B, 10% reduction to Zone C and no change 
is made to flows in Zone D. Hence, the impact of flow changes within a transport 
network with respect to air quality can be roughly tested. If the effects are 
significant, then the appropriate modifications can be applied to the transport model, 
and a detailed air quality assessment based on these new predicted flows could be 
conducted.
D - Normal flow
Figure 4.14: The methodology to gradually modify traffic flow
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For cases where there are increases in traffic flow, a check is conducted to ensure 
that the throughput is not more than the link capacity, i.e. the maximum number of 
vehicles that can travel through a link at a particular speed, for any time period. An 
example of link capacity for a 2-lane suburban road (other A-road) is 750 
vehicle/hour at an average speed of approximately 50 km/hr (Appendix B.3).
The other type of traffic scenario available in IMPAQT is the traffic calming 
measures, i.e. reduction of vehicular speeds. For these types of scenarios, the user 
would have to provide information on the:
• Current vehicle speed, i.e. the range of speeds to be modified;
# New vehicle speed, i.e. the new speed limit, which should be less than 
the lower limit of the current speed.
No “buffer zones" are required as traffic calming measures from neighbouring links 
may have different speed limits. However, similar to the scenarios for traffic flow 
changes, a check is conducted to ensure that the flow on the road links that undergo 
speed changes, are less than the link capacity. This is because link capacity is 
speed-dependent. An example of speed-flow relationship for the Surrey County 
Transportation Model for the base year 1998 (CTM98) is provided in Appendix B.3.
Once the new traffic scenario has been selected, the workbook created in Phase II, 
which was used to store traffic data, is updated with the new traffic information. Any 
changes to the original traffic data is clearly marked, so that the user may keep track 
of all the modifications made. These data form the basis of a new emissions 
inventory. Phases III -  IV are then repeated with the new traffic management 
scheme. Various traffic scenarios can be tested, and the most suitable strategy or 
strategies may be transferred to Phase VI, where a report of the air quality 
assessments conducted is generated.
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4.2.6 Phase VI: Report generation
Phase VI collates, summarises and presents results from Phases I to V to the user. 
It comprises of Interface Module VI (Report maker). A “centralised' report with all 
the appropriate information, relevant to an air quality investigation, would not only 
aid planners in the decision making process, but also provide a means of record­
keeping. Every phase in the integrated system has to be appropriately recorded, so 
that:
• The data used can be verified and validated;
• A detailed documentation of current and predicted concentration levels 
is available as a matter of public interest;
• Results from any air quality assessment can be ratified and if necessary, 
repeated using other models;
• Different traffic scenarios and its impact to the environment can be 
further investigated;
• Historical datasets are available, and hence, any trends observed from 
the results can be reported;
• The report may be used by researchers, environmental planners, 
transport planners, policy makers, etc.
Table 4.8 provides a summary of the information collected by Interface Module VI 
from the other modules of the system.
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Table 4.8: Summary of information gathered from Phases i -  V
Phase
Interface
Module
Data Format
Location and description of the files 
used
Text
1 1 Air quality tools used Text
lia Traffic data Text, spreadsheet, GIS
lib Total emissions Text, spreadsheet, GIS
II Me
Hourly sequential meteorological 
data
Text, spreadsheet
lid Statistical data Text, spreadsheet
lia & lib Emissions inventory Database
Ilia Type of run Text
III
nib
Pollutant concentration from 
screening run
Text, spreadsheet, GIS
-
Pollutant concentration from 
detailed run
Text, spreadsheet, GIS
IV IV
“Hot spot’ maps and road links 
within “hot spots"
Text, spreadsheet, GIS
V V Traffic scenarios Spreadsheet
In addition to the generation of reports, the results from Phases I to V are also 
presented via a dynamic link from IMPAQT to the various documents (Figure 4.15). 
This allows the user to make changes to the documents, if the need arises. 
Furthermore, electronic copies of the results may be generated or filtered, i.e. only 
relevant information included (for example, an air quality assessment does not 
require details of the traffic scenarios tests conducted).
This final phase completes the program design stage in the integrated system 
development. The next section of this chapter will outline the program
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implementation.
•H. Reports -  n X
Current air quality status A ir  q u a l i ty  p re d ic t io n  b a s e d  o n  s c e n a r io
Double-click to view worksheet
Pollution Map
Double-click to view GIS map
OK C an ce l
Figure 4.15: Dynamic link to reports
4.3 Program implementation
The program design described in Section 4.2, was translated and coded in a 
programming language. This stage of the development process was relatively 
straightforward, as the various modules had been clearly defined in the program 
design. Before the code was implemented, however, a programming language with 
the following criteria was selected;
• It has to be well-established, i.e. the language is widely used in software
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development and can be implemented as an embedded/scripting 
language in common applications.
• It supports modular programming, thus, the code is easy to maintain, 
extend, customised and can be re-used.
Two programming languages, Microsoft® Visual Basic (VB) (Wright, 1998) and 
ESRI® Avenue (ESRI, 2001b), were used to develop IMPAQT. The GUI was 
completely developed in VB. It is 544 KB in size and consists of 18 components 
and 3526 lines of code.
The ten interface modules within IMPAQT were coded independently. This was to 
ensure that each interface module could be independently tested and that new 
modules could be added to the system without needing any redesign of the existing 
code. Table 4.9 shows a summary of the implementation of IMPAQT’s interface 
modules.
Table 4.9: Implementation of IMPAQT
Phase
Interface
Module
Name
Size
(KB)
Number of 
components
Number 
of lines
1 1 Tool selector 20 1 72
II
Ha Traffic data extractor 276 9 2207
lib
Total emissions 
calculator
104 4 1013
He
Hourly sequential 
meteorological data 
formatter
156 5 1234
Hd
Statistical meteorological 
data formatter
50 2 400
III
Ilia Type of run selector 10 1 36
HIb Statistical calculator 53 2 444
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IV IV Exposure detector 11 3 346
V V Traffic scenario builder 144 5 1339
VI VI Report maker 163 5 1057
From Table 4.9, it can be seen that the implementation of the integrated system into 
IMPAQT consists of many components and lines of codes. Interface Modules I, Ilia 
and VI were written in VB; Interface Modules Ha, Hb, He, Hd, HIb and V in (Visual 
Basic for Applications (VBA) and the remainder. Interface Module IV, in Avenue.
4.4 Summary
In this chapter, the program design for the integrated system is presented. A GUI 
was designed to integrate all the interface modules into an application called 
IMPAQT. The development of IMPAQT was divided into six phases. The function 
of Phase I was to select the tools to be used in an air quality investigation. This was 
followed by Phase II, data processing. Results from Phase II are applied to Phase 
III, to produce an air quality prediction. Two new tools were developed in Phase IV 
and Phase V. These were designed to assess pollution levels, and if necessary, to 
carry out traffic scenarios. The final phase. Phase VI, was included in the program 
design to provide a summary of the results obtained from all the phases.
The six phases were further divided into ten interface modules. These were 
developed generically, through filters, links or scripts. The implementation of these 
modules was carried out through VB, VBA and Avenue.
The next stage in the software development process is to test the program. This will 
be discussed in detail in the following chapter.
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5 System  T esting
5.1 Introduction
The first two stages of the development of the integrated system are described and 
discussed in Chapters 3 and 4 respectively. The next stage in the development 
process was to conduct a comprehensive test on the system, as highlighted in 
Figure 5.1. IMPAQT was tested for bugs and errors, independently and collectively 
as a whole.
REQUIREMENTS ANALYSIS
Specify requirem ents in terms 
o f the problem  and the 
function o f the system
DESIGN SPECIFICATION
Basic system design
PROGRAM DESIGN
PROTOTYPE ^ _______ ^ Detail system design, i.e.
modules design
♦  ■
Translate and code the 
system design in a 
program m ing language
S Y S T E M  T E S TIN G
PROGRAM TESTING
Modules, in tegration and 
system testing fo r bugs and 
errors, i.e. verification and 
validation
MAINTENANCE
Further system developm ent 
and improvements
Figure 5.1: Waterfall diagram representing the integrated system
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There are two main types of tests in the software development process, system 
validation and verification. The validation of IMPAQT was carried out to ensure that 
all the interface modules produced the '‘correct’ results (based on the system 
implementation). In contrast, the verification process makes certain that IMPAQT 
produced “sensible" results (based on the system design). In this chapter, the 
system validation and verification conducted using IMPAQT are presented.
5.2 System validation
In general, the system validation for IMPAQT was straightforward. The tests carried 
out ensured that each interface module firstly, produced the right output, and then 
secondly, passed these data onto the rest of the system correctly.
Data generated automatically by IMPAQT was compared to those produced 
manually. This check was performed to ensure that both resulting datasets were the 
same. The data were then transferred from one module to another, to check the 
data format compatibility and integrity. A description of the tests conducted on each 
module and sample input/output files used/generated by each module are included 
in Appendix D.
5.3 Parametric studies (system verification)
The system verification for IMPAQT was conducted through a series of parametric 
studies. The interface modules were tested independently and when possible, in 
combination with other modules through these parametric studies.
Only eight out of the ten interface modules of IMPAQT were used to conduct the 
parametric studies. The two modules that were not utilised were the “Tool Selector 
and the “Type of Run Selector. These modules are an integral part of IMPAQT and 
are only used to determine the air quality tools to be applied, and whether a 
screening or detailed run is required. It was deemed sufficient to only validate these 
two modules, as outlined in Section 5.2.
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The main aim of the parametric studies was to verify that the results produced were 
sensible. The studies were then used to investigate the importance of various 
parameters on the accuracy of air quality prediction. Finally, the investigations were 
used to determine whether the parameters in question have to be considered in 
detail or may be omitted to produce a set of good quality air pollution predictions.
Three main sets of parametric studies were carried out. They were:
• The extent of road and grid sources to be included in dispersion 
modelling:
0 Road source:
o 15 test cases for road extents from 100 m to 1500 m for 
traffic flow with 25,000 veh/day, and; 
o 15 test cases for road extents from 100 m to 1500 m for
traffic flow with 50,000 veh/day.
0 Grid source:
o 16 test cases for grid extents from 0.5 km to 15.5 km and
grid depth of 30 m for emission rate of 1 g/m^/s; 
o 16 test cases for grid extents from 0.5 km to 15.5 km and
grid depth of 30 m for emission rate of 2 g/m^/s, and; 
o 80 test cases for grid extents from 0.5 km to 15.5 km and
grid depths of 10 m to 50 m for emission rate of 1 g/m^/s.
• The optimal size of modelling area to be adopted for different types of air 
quality investigations:
0 1 test case for large-sized area;
0 1 test case for medium-sized area, and;
0 4 test cases for small-sized area.
• The approximate decrease of atmospheric pollutants that can be 
achieved from two emissions reduction schemes:
0 28 test cases for traffic flows from 700 to 1300 veh/hr and
percentage HDVs from 0% to 30%, and;
0 10 test cases for traffic speeds from 10 km/hr to 100 km/hr.
Chapter 5: System testing 100
Traffic-related air pollutants in an urban area ________________________February 2004
A set of tools was selected for these parametric studies. These were:
• Transport model: Surrey County Transportation Model (CTM), base
year 1995 (CTM95)
• Emissions inventory: ADMS emissions inventory
• Dispersion model: ADMS-Urban 1.6 
GIS: ArcView GIS 3.2
A description of these tools is provided in Appendix 0.
5.3.1 Extent of sources to be included in dispersion modelling
A suite of runs was carried out to determine the required extent of sources to be 
included in dispersion modelling. There are two main types of sources in traffic- 
related air quality investigations, namely road sources modelled as lines and 
residual emissions modelled as grids. It is not always possible to include all the 
sources that are available for dispersion modelling. This may be due to:
• The limitation of the dispersion model, i.e. the maximum number of 
sources that can be included in the dispersion model at any one time;
• The computation time, i.e. the higher the number of sources, the longer 
the dispersion modelling runtime.
The criteria listed above are important to avoid any boundary effects that could lead 
to underprediction of pollutant concentration. However, it is also not practical to 
include more sources than necessary, as there is a long model runtime associated 
with dispersion calculations. Consequently, for a specific modelling study, it is vital 
to include only the road and residual emissions, which are likely to influence the 
concentration at the receptor under investigation.
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Road sources
The first set of modelling runs was first conducted to investigate the required extent 
of the road sources. This investigation used the base road configuration as shown 
in Figure 5.2. The concentration at a receptor located at the centre of the road 
intersection was predicted. For each subsequent test case, the extent of the road 
sources was increased by 100 m up to a distance of 1500 m from the receptor, in 
the north-south and east-west direction.
The meteorological data used in these test cases was the R-91 dataset used by 
Interface Module HIb of IMPAQT. In the first suite of test cases, a traffic flow of 
25,000 veh/day with 10% FIDV was used. The investigation was then repeated with 
a traffic flow of 50,000 veh/day with 10% HDV. This is to ensure that the road extent 
(distance from the receptor where no significant changes in concentrations are 
observed) was not influenced by the emission rates of the road sources.
r
L
o Receptor 
y \ /R o a d  source 
I "] Base road configuration
1 K ilo m o te rs
Figure 5.2: Base road configuration
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The results at the receptor for each test case were recorded and normalised by the 
concentration from the base road configuration. Numerical results from these test 
cases are available in Appendix E.1.1. A graph of the normalised CO concentration 
versus the extent of the road sources is plotted and presented in Figure 5.3.
♦  25000 veh/day, 10% HDV 
■ 50000 veh/day, 10% HDV
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Figure 5.3: CO resuits from parametric study to determine road extent
The results from this parametric study showed that the road extent required in 
dispersion modelling is independent of its emission rates. It was also observed from 
Figure 5.3 that the minimum road extent is approximately 1 km away from the 
receptor under investigation. For road sources, dispersion modelling computation 
times significantly increase when more sources are considered. Based on these 
results, in order to minimise computation time without compromising accuracy, all 
road sources within a distance of 1 km from the receptor (Figure 5.4) or contour plot 
area (Figure 5.5) were included in the modelling.
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Figure 5.4: Road sources to be modelled for receptor
2 K ilom eters101
r~~ | Contour area 
Road source 
Modelled road sources
N
Figure 5.5: Road sources to be modelled for contour area
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Grid sources
The next suite of model runs was conducted to investigate the required extent of the 
grid sources. This investigation used the base grid configuration as shown in Figure 
5.6. The concentration at a receptor located at the centre of the base grid was 
predicted. For each subsequent test case, the extent of the grid sources was 
increased by 1 km up to 15 km from the receptor, in the north-south and east-west 
direction.
•  R e c e p to r  
I ' I B a s e  g r id  c o n f ig u r a t io n  
I I G r id  s o u r c e
10 K ilom e te rs
Figure 5.6: Base grid configuration
The meteorological data used in these test cases was the R-91 dataset, similarly 
applied in the road source investigation. In the first suite of parametric runs, an 
emission rate of 1 g/m^/s with a grid depth of 30 m was used. The investigation was 
then repeated with an emission rate of 2 g/m^/s with a grid depth of 30 m. This was 
to ensure that the grid extent was not influenced by the emission rates of the grid 
sources.
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The emission rates of the grids were then kept constant at 1 g/m^/s and the runs 
were repeated using grid depths of 10 m, 20 m, 30 m, 40 m and 50 m respectively. 
This was to determine the importance of grid depths in selecting the appropriate grid 
extent in dispersion modelling.
The results at the receptor for each test case were recorded and normalised by the 
concentration from the base grid configuration. Numerical results from these test 
cases are available in Appendix E.1.2. The results from the first set of test cases 
(different emission rates, constant grid depth) showed that similar to road sources, 
the grid extent required in dispersion modelling is independent of its emission rates.
A graph of the normalised concentrations versus the extent of the grid sources for 
the second suite of parametric runs (constant emission rates, different grid depths) 
is plotted and presented in Figure 5.7. It was observed from the results that the 
minimum grid extent was dependent on the grid depths. The grid depths and their 
respective minimum grid extents are summarised in Table 5.1.
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Figure 5.7: Results from parametric study to determine grid extent
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Table 5.1: Minimum grid extent for various grid depth
Grid depth (m) Minimum grid extent required (km)
10 8
20 9
30 10
40 11
50 12
Unlike road sources, the computation time for grid sources does not significantiy 
increase when more sources are considered. Furthermore, advanced models, such 
as ADMS-Urban, are able to calculate dispersion for more than 1000 grid sources, 
covering an area well over 30 km  ^ (for grid size of 1 km^). The depths of grid 
sources clearly influence the minimum grid extent required although the dispersion 
computation time does not significantly increase with more sources. The results 
from this study, therefore, indicate that all available grid sources should be included 
in the modeliing.
5.3.2 Size of modelling area
The next suite of runs was carried out to determine the required size of modelling 
area to produce a poilution map. it is not always possible to model the entire study 
area in a single dispersion run. This may be due to:
• The limitations of the dispersion model, such as the maximum number of 
sources and receptors that can be included in the dispersion model at 
any one time;
• The high computation time that is generally required in dispersion
modelling;
• The resolution requirement of the output contour plot.
Chapter 5: System testing 107
Traffic-related air pollutants in an urban area___________________________February 2004
The criteria listed above are important to ensure that the dispersion model is applied 
correctly to produce a good quality set of results, in a reasonable amount of time. 
Consequently, for a specific town or city, it is vital that the right modelling coverage 
for the area is selected.
Three model simulations were conducted to determine the appropriate size of 
modelling area. The three modeiiing sizes tested on a Pentium III 600 MHz PC 
were:
• Large-sized area (> 2500 km )^;
• Medium-sized area (« 350 km^);
• Smali-sized area (1 km^).
All test cases in this suite of parametric runs used input data for the year 1998. 
Interface Modules Ha, Hb and He of IMPAQT were used to pre-process these data. 
They were:
• Traffle data from CTM98;
• Road traffic emission factors from DMRB 1999;
• Grid emissions data from NAEI (the depth was set to 20 m), and;
• Hourly sequential meteorological data from BADC.
For each modelling size, contour plots for carbon monoxide (CO) were produced 
using the intelligent gridding option in the dispersion model. This option allows the 
dispersion model to automatically place additional receptors near roads, in addition 
to the regularly spaced receptors placed across the study area. Thus, the contour 
plots produced will provide a better representation of pollutant concentrations near 
roads.
Large-sized area
For this test case, the county of Surrey in UK, was selected as the large-sized area 
to be investigated. The area, as depicted in Figure 5.8, is approximately 62 km 
(East-West) by 46 km (North-South). There are more than 3600 road sources in
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Surrey. However, due to the number of sources limitation of ADMS-Urban, only 
1000 roads were modelled. These were with the greatest CO emission rates. 
Similarly, it was also not possible to include all 3519 grid sources in the modelling. 
The maximum number of grid sources that can be modelled simultaneously in 
ADMS-Urban 1.6 was 3000. For this test case, only sources up to 2 km from the 
county boundary were included, i.e. 2051 grid sources. The number of grid sources 
up to 3 km from the county boundary is 3038, which is beyond the 3000 grid sources 
limit.
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Figure 5.8: Surrey, large-sized area for parametric study
The modelling run for this test case took approximately 12 days to complete. A total 
of 5173 receptors, 1089 regularly spaced receptors and 4084 near-road receptors, 
were used to produce the contour plot shown in Figure 5.9. Due to the limited 
number of receptors available for this version of ADMS-Urban 1.6, the resulting 
resolution for the modelling area was as follows:
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Regular gridding: 2300 m in the east-west direction and 1700 m in the 
north-south direction;
Intelligent gridding; 1.7 to 7 m (near road) and 7.5 to 30 m (away from 
road), depending on the road width.
/ ' \  /  Road sources 
I n  Borough boundary 
I I County boundary
1-hrCO (ug/m^)
I I < 1 0 0
I I 1 0 0 - 2 0 0
I I 20 0  - 3 0 0
1 = 3 0 0 - 4 0 0  
40 0  -  5 0 0  
g g  50 0  - 6 0 0
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Figure 5.9; Contour plot for large-sized area
Due to the limited number of road sources that were modelled discretely, the 
dispersion model may not have detected some potential “hot spots” caused by roads 
with lower emission rates. Furthermore, the limitation in the number of regularly 
spaced receptors resulted in a poor resolution pollution map, especially in areas 
without any road sources.
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Medium-sized area
For this test case, the Borough of Guildford in Surrey was selected as the medium­
sized area to be investigated. The area, as depicted in Figure 5.10, is 
approximately 22 km (East-West) by 16 km (North-South). All the road sources in 
Guildford and up to 1 km from its border were included in the model, i.e. 795 road 
sources. For this test case, grid sources up to 9 km from the borough boundary 
were included, i.e. 1628 grid sources.
The modelling run for this test case took approximately 11 days to complete. A total 
of 4801 receptors, 1089 regularly spaced receptors and 3712 near-road receptors, 
were used to produce the contour plot shown in Figure 5.10. The resulting 
resolution for the modelled area was determined by the number of receptors 
available for this version of ADMS-Urban 1.6, as follows:
• Regular gridding: 1233 m in the east-west direction and 933 m in the 
north-south direction;
• Intelligent gridding: Similar to a large sized area, i.e. 1.7 to 7 m (near 
road) and 7.5 to 30 m (away from road), depending on the road width.
In this test case, all road sources available in CTM98 and within Guildford were 
modelled discretely. Some “hot spots” caused by roads with lower emission rates 
and not included in the large-sized model, were determined. An example of this “hot 
spot was located to the north-east region of the borough.
A decrease in the size of the modelling area also decreased the spacing of the 
regular gridding. This increased the resolution of the contour plot and hence, 
improved the definition of the “hot spot’ boundaries. As expected, the spatial 
distribution of CO above 100 pg/m^ appeared to “/b//ow” the shape of the road 
sources (Figure 5.10), instead of being spread out over a wide area (Figure 5.9).
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Figure 5.10: Contour plot for medium-sized area
Small-sized area
For this investigation, Guildford town centre and its surrounding area were selected 
as the small-sized area to be tested. The area, as depicted in Figure 5.11, covers 
an area of 2 km x 2 km. Four areas of 1 km x 1 km were used to model Guildford 
town centre. All the road sources in the modelled area and up to 1 km from its 
border were included in the model, i.e. each model area has approximately 96 to 
108 road sources. The smaller model area also allows the road sources to be 
modelled as one-way links, hence providing better traffic representation at locations 
such as roundabouts and junctions. For each of the four areas, grid sources up to 9 
km from the model area were also included, i.e. 361 grid sources.
The modelling run for each of the four areas took approximately 8 days to complete 
(32 days in total). The number of receptors for each area ranged between 2619 and
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3629, with 1089 regularly spaced receptors in each model area. A high-resolution 
contour plot as shown in Figure 5.10 was produced. The resolution for each 1 km x 
1 km modelling area was as follows:
• Regular gridding: 33 m in the east-west and north-south direction;
• Intelligent gridding: Similar to a large sized area, i.e. 1.7 to 5 m (near 
road) and 7.5 to 25 m (away from road), depending on the road width.
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Figure 5.11 : Contour plot for small-sized area
In this investigation, all road sources within Guildford town centre were modelled 
discretely and as one-way links. The “hot spots” were similar to those determined in 
the medium-sized model area. However, the small modelling area decreased the 
spacing of the regular gridding significantly and hence, increased the resolution of 
the contour plot. Consequently, the boundaries of the “hot spots" were clearly 
defined.
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Comparison between modelling sizes
A comparison between the three modelling sizes was conducted through a closer 
inspection on the results produced for Guildford town centre. Figure 5.12 (a) and (b) 
show a zoom-in map from the large- and medium-sized modelling area respectively. 
Figure 5.12 (c) shows the results obtained from the small-sized modelling area test 
cases.
From the figures, it can be seen that the same general “hot spots" areas were 
predicted by all three modelling sizes. The similar “hot spots” were identified in the 
large-sized case, even though not all the roads were modelled discretely, for 
instance the A320 and the A246. However, these “hot spots" boundaries were not 
clearly defined when compared to the small-sized case. Furthermore, although not 
clearly demonstrated for this particular large-sized case, there is a likelihood of 
missed “hot spots" in another town or city with higher emissions. The limitation of 
the number of sources, both roads and grids that may be included in a specific run, 
means there is likelihood of missed “hot spots" and inaccurate boundary outlines. 
Hence, a large-sized modelling area may not be suitable for use in detailed air 
quality assessments.
Comparison between the medium- and small-sized modelling areas showed that 
both cases predicted “hot spots" in the north and south of Guildford town centre. 
Similar to the large-sized case, the boundaries of the “hot spots" were not clearly 
defined in the medium-sized run. It was also observed from Figure 5.12 (b) that for 
a medium-sized area, roads that were discretely modelled were not reshaped to 
produce “hot spots" on a pollution map. This was due to the limitation of the number 
of intelligent gridding receptors available in ADMS-Urban 1.6. In this version of the 
dispersion model, 4 near-road receptors were added to each road segment, up to a 
limit of 5000 points. If all the roads in the medium-sized modelling area were 
reshaped, the number of near-road receptors would have exceeded its maximum 
limit.
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The small-sized area produced a better resolution map when compared to the 
medium-sized area. In this case, all the roads that were discretely modelled were 
also reshaped. The boundaries of the “hot spots” in this case were clearly defined. 
These “hot spots" were determined to be around the major bypass (A3 and A25) 
and along major routes into and out of the town centre (A322, A246 and A31).
The runtime for this small-sized area (» 1 km^) was approximately 8 days, while the 
runtime for the medium-sized area (« 352 km^) was 11 days. To produce a pollution 
map for the whole of Guildford borough using a 1 km x 1 km modelling area, it would 
have taken approximately 2816 days (more than 7 years) to complete!
The main focus of air quality assessments is to reduce pollution in areas with public 
exposure and likely exceedances, i.e. “hot spots". For most scenarios, a medium­
sized area can be used to roughly identify major “hot spots". For the study on 
Guildford borough, the “hot spots" may be identified to be at Guildford town centre 
and at the junction of M25/A3 (Figure 5.10). Once identified, a small-sized 
modelling area may be applied to these “hot spots" to determine their likely 
boundaries, on higher resolution maps. This would result in a significant time 
reduction in producing the pollution maps for air quality assessment of Guildford 
borough.
The results from this suite of runs therefore suggests that a combination of medium- 
and small-sized modelling areas should be used to produce the pollution maps 
needed in air quality assessments. This combination of modelling sizes may 
significantly reduce pre-processing and more importantly, the model runtime.
5.3.3 Emissions reduction
The main objectives in air quality reviews and assessments are to identify potential 
“hot spots" and to ensure that actions are taken to reduce pollution levels in these 
areas. There are many variables that can affect the pollution levels in the 
atmosphere. These may be the emission rates from pollution sources, 
meteorological conditions, background concentrations, atmospheric chemistry, 
building configurations, etc. Some of these variables are beyond human control.
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such as meteorological conditions and atmospheric chemistry. It is also difficult to 
predict the effects of some of these variables, for example, building configurations 
and atmospheric chemistry.
One way to ensure a reduction in pollution levels is achieved is to reduce the 
emissions released into the atmosphere. In many urban areas, traffic emissions 
have been identified as the main source of pollutants such as NOx and CO. 
Consequently, a reduction in traffic emissions is likely to reduce pollution levels in 
urban areas. There are three main factors that directly influence the amount of road 
emissions in urban areas. These are:
• Emission factors;
• Traffic flows;
• Traffic speeds.
The datasets containing emission factors are compiled nationally by DETR (DETR, 
1994; DETR, 1999). These are obtained from experiments conducted to determine 
the amount of emissions produced by different types of engines at various 
operational speeds. They are also dependent on the predicted ratio of “clean 
vehicles" and “older vehicles" for a specific year. Further details on emission factors 
are available in Appendix B.4.
These emission factor datasets are applied to traffic flows and speeds, to obtain the 
emission rates on a specific road link. A suite of parametric runs was conducted to 
determine the levels of pollution from specific sets of traffic flows and speeds.
Traffic flows
Test cases were first conducted to investigate what the approximate reduction in 
traffic flow would need to be, in order to produce a specific percentage reduction in 
pollutant concentrations. NOx (NO2) and PM10 were selected in this study because 
these are the two pollutants that have been identified as likely pollutants to exceed 
the air quality objectives in many urban areas. Furthermore, the air quality objective 
for CO is measured as an 8-hour mean, which cannot be obtained through this
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parametric study and there is no individual air quality objective for VOCs.
The emission factors used were the DMRB 1999 dataset with a scenario year of 
2004 and 2005, the relevant objective year for PMio and NOx (NO2) respectively 
(DETR, 1999). The results from the suite of parametric studies on road widths 
(Appendix E.3.1), suggested that they do not significantly influence the prediction of 
pollution levels (less than 10% difference in NOx, NO2 and PM10 concentrations for 
distances above 5 m from the centre of the road). Thus, a single road running from 
east to west with a standard width of 10 m and length of 1 km was used in this 
investigation. The test cases were conducted with the following traffic flow, mix and 
speed:
• Traffic flows ranging between 700 to 1300 veh/hour at 100 vehicles 
intervals. These traffic flows may be used to represent typical flows on 
roads in urban areas.
• Traffic mix (percentage HD Vs) of 0 to 30 percent of total vehicle flow at 
10% intervals. This ratio of HDVs to LDVs may be used to represent the 
typical traffic mix on major roads in urban areas.
• Traffic speed of 50 km/hr. This is the typical peak hour speed on roads 
in urban areas.
The Den/vent-Middleton correlation function was used to describe the NOx to NO2 
chemical transformation. The meteorological data used in these test cases was the 
R-91 dataset used by Interface Module lllb of IMPAQT. This dataset assumed that 
the different stability categories and wind direction have the same frequency of 
occurrence. The concentration at receptors located 0 m to 50 m at 5 m intervals 
from the centre of the road was predicted for each test case. In total, 28 test cases 
were carried out.
Base cases were selected to account for the changes in traffic flow and traffic mix 
respectively. These are summarised in Table 5.2. The percentage 
increase/decrease of pollutant concentrations relative to these base cases were 
calculated. The results from these test cases are available in Appendix E.2.1. Four 
selected graphs of the percentage change of concentrations are plotted and 
presented in Figure 5.13 to Figure 5.16.
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Table 5.2: List of base cases of traffic flow changes
Base case Description Figure
A
Percentage flow/concentration changes relative to 
test case with traffic flow of 1000 veh/hour, 10% 
HDVs and concentrations measured at 50 m from 
the centre of the road.
Figure 5.13
B
Percentage concentration changes due to changes 
in flow at various distances relative to test case with 
traffic flow of 1000 veh/hour, 10% HDVs and 
concentrations measured from the centre of the 
road.
Figure 5.14
C
Percentage HDV/concentration changes relative to 
test case with traffic flow of 1000 veh/hour, 10% 
HDVs and concentrations measured at 50 m from 
the centre of the road.
Figure 5.15
D
Percentage concentration changes due to changes 
in HDVs at various distances relative to test case 
with traffic flow of 1000 veh/hour, 10% HDVs and 
concentrations measured from the centre of the 
road.
Figure 5.16
The results presented in Figure 5.13 showed that under average meteorological 
conditions, the percentage change in concentration for NO x at a distance of 50 m 
from the centre of the road is almost proportional to the percentage flow change. A 
similar relationship was also observed for NO2 and PM10. These test cases 
demonstrate that in general at a distance of 50 m from the centre of the road, a 10% 
reduction in pollutant concentration around a specific road may be achieved by 
decreasing the average hourly traffic flow on the same road by 10%.
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Figure 5.13: Relationship between vehicle flow and pollutant concentration changes
for base case A (at 50 m)
An investigation into the percentage change in pollutant concentration at various 
distances from the centre of the road was also carried out. The changes in 
concentration were observed relative to the test case with a traffic flow of 1000 
veh/hour and 10% HDVs (base case B). From Figure 5.14, it could be seen that for 
the various hourly traffic flows, the percentage NOx concentration decreases rapidly 
away from the roads. For vehicle flows in the range of 700 veh/hour to 1300 
veh/hour, the biggest difference in percentage NOx concentration from the base 
case was observed at 50 m from the centre of the road (a reduction of 55% to 75%). 
As expected, an increase in vehicle flow produced an increase in NOx  
concentration. However, the level of NOx concentration changes between different 
hourly flows was most significant at the centre of the road (56%). This would 
suggest that changes in traffic flows will have less effect on NOx concentrations at 
locations away from roads, for example, at background sites.
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Figure 5.14: Percentage reduction in NOx concentrations with distance from centre of 
road relative to base case B road centre concentration
The NOx and PMio emission factors for HDVs (Appendix B.4) are considerably 
higher than LDVs (DETR, 1999). The next set parametric runs investigated the 
effects of traffic mix on NOx, NO2 and PM10 concentrations (Figure 5.15).
In contrast to the results obtained for change in vehicle flow, an increase of HDVs 
from 10% to 20% of total vehicle flow may cause an increase of up to 70% in NOx 
concentrations. Another 10% increase in HDVs (30% HDVs), may increase the NOx 
concentrations by 140%. A similar trend, i.e. a small increase in percentage HDVs 
may cause a large increase in pollutant concentration, is also observed for NO2 and 
PMio- However, the percentage change is 20% lower for NO2 and PMio, when 
compared to NOx- A probable explanation for the lower percentage change in NO2 
when compared to NOx may be due to the chemical transformation of NOx to NO2. 
For PMio, the emission factor for NOx is higher than the emission factor for PMio.
The results indicate that the predominant source of traffic-related air pollution may 
be attributed to HDVs. It takes approximately thirty LDVs at 50 km/hr to emit the 
same level of NOx as one HDV operating at the same speed. This study also
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showed that increasing/decreasing HDVs on a specific road could significantly 
influence the air quality around that road link. One potential action plan for reducing 
NOx and PM10 levels could be to decrease HDV flows in urban areas.
♦  NOx
PM10
HDV change (%)
Figure 5.15: Relationship between percentage HDVs to concentration changes for
base case C (at 50 m)
A further investigation into the degree of influence of HDV changes on pollutant 
concentrations at various distances from the centre of the road was conducted. The 
changes in concentration were observed relative to the test case with a traffic flow of 
1000 veh/hour and 10% HDVs (base case D). It can be seen from Figure 5.16, that 
for the percentage HDVs of 0% to 30%, the corresponding percentage of NOx  
concentration decreases rapidly away from the roads. This was the same trend 
observed for the changes in traffic flow (relative to base case B). However, for this 
investigation into NOx concentrations from HDVs (relative to base case D), a more 
significant NOx concentration change was observed for higher percentage of HDVs. 
A 10% increase in HDVs may produce an increase up to 70% in the NOx  
concentrations at the centre of the road and up to 25% at 50 m away from the road. 
This observation means HDV routes, such as freight routes, should be confined to
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major roads and/or motorways, away from residential properties. The major 
proportion of the pollutant emitted from HDVs may be restricted to areas with no 
population exposure.
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Figure 5.16: Relationship between distance to NOx concentration changes relative to
base case D road centre concentration
Traffic speeds
The following suite of runs was carried out to investigate the effects of traffic speeds 
on pollutant concentrations. Similar to the studies on traffic flow, only NOx (NO2) 
and PM10 were investigated. The emission factors used were the DMRB 1999 
dataset with a scenario year of 2004 and 2005, the relevant objective year for PM10 
and NOx (NO2) respectively (DETR, 1999). A single road running from east to west 
with a standard width of 10 m and length of 1 km was used in this investigation. The 
test cases were conducted with the following traffic flow, mix and speed:
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• Traffic flows of 1000 veh/hour;
• Traffic mix (percentage HDVs) of 10% of the total vehicle flow;
• Traffic speeds of 10 km/hr to 100 km/hr at 10 km/hr interval.
The same atmospheric chemistry function and meteorological dataset as for the 
traffic flow test cases were used. The concentration at receptors located 0 m to 50 
m at 5 m intervals from the centre of the road was predicted for each test case. In 
total, 10 test cases were carried out.
Base cases were selected to account for the changes in traffic speeds. These are 
summarised in Table 5.3. The percentage increase/decrease of pollutant 
concentrations relative to these base cases were calculated. The results from these 
test cases are available in Appendix E.2.2. Two graphs of the percentage change of 
concentrations are plotted and presented in Figure 5.17 and Figure 5.18.
Table 5.3: List of base cases of traffic speed changes
Base case Description Figure
E
Percentage concentration changes at various speed 
relative to test case with traffic speed of 50 km/hr 
and concentrations measured at 50 m from the 
centre of the road.
Figure 5.17
F
Percentage concentration changes due to speed 
changes at various distances relative to test case 
with traffic speed of 50 km/hr and concentrations 
measured from the centre of the road.
Figure 5.18
The results presented in Figure 5.17 show that under average meteorological 
conditions, the percentage change in pollutant concentration (50 m from the centre 
of the road for all three pollutants) is the highest for vehicle speeds increasing from 
10 to 20 km/hr. As the vehicle speed increases up to 60 km/hr, there is a 
decreasing trend in concentration change. In contrast, increasing the speed beyond 
70 km/hr will increase NOx, NO2 and PMio concentrations (as shown by the
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increasing percentage concentration change). The graph also shows that the 
optimal operational speed for both NOx and PMio is between 70 to 80 km/hr.
This set of parametric runs demonstrates that traffic calming measures may not be 
the best option in reducing pollution from road sources. In addition, reducing traffic 
congestion and allowing free-flow of traffic with a speed limit of 70 to 80 km/hr along 
major routes may improve urban air quality.
♦  NOx
PM10
Speed (km/hr)
Figure 5.17: Relationship between speed and percentage concentration changes for
base case E (at 50 m)
An investigation into the degree of influence of speed changes on pollutant 
concentrations at various distances from the centre of the road was also conducted. 
The changes in concentration were observed relative to the test case with an 
average vehicle speed of 50 km/hr. From Figure 5.18, it could be seen that the 
greatest variation in NOx concentration was observed for speeds between 10 to 30 
km/hr, at distances less than 30 m from the centre of the road. For speeds above 
40 km/hr, there was a gradual percentage NOx concentration change at the various 
distances investigated. Furthermore, the percentage NOx concentration changes 
from the centre to 50 m away from the road do not appear to be significantly
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different between the respective speeds above 40 km/hr.
The second part of this parametric study shows that any speed changes between 10 
to 30 km/hr can significantly affect the NOx concentrations beyond 50 m from the 
road. However, any speed changes above 40 km/hr are likely to affect only the 
immediate areas around the road sources. Therefore, traffic speed changes may be 
a cost-effective measure to reduce NOx pollution, especially along major commuter 
routes or motorways, with residential properties within 30 m from the centre of the 
road.
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Figure 5.18: Relationship between distance to NOx concentration changes relative to
base case F road centre concentration
5.4 Summary
In this chapter, the validation and verification of IMPAQT was presented and 
discussed. The system validation was conducted to ensure that the interface 
modules within IMPAQT produced the “correcf results.
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The system was then verified through a series of parametric studies. They were 
conducted to ensure that the results produced were “sensible”. In addition to 
increasing our understanding of air quality parameters, the results from the 
parametric studies may be used to increase the efficiency and accuracy of an air 
quality assessment.
The observations made from the parametric studies carried out formed the basis of 
the applications of IMPAQT on several case studies. This will be presented in the 
next chapter.
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6.1 Introduction
In this chapter, the results from the application of IMPAQT to several case studies 
are presented. These case studies include:
• The development of a base model for the study area (Lim, et al., 2001 );
• Comparison of the predicted results with monitored data;
• Air quality calculations and assessments;
• The testing of “what-if scenarios.
For the application of case studies, the same set of tools described in Section 5.3 
was used. Most of the modules within IMPAQT were used to conduct the various 
case studies. However, not all modules were used in each case study, or in a 
sequential method. The main aim of these case studies was to determine the level 
of accuracy in specific air quality modelling scenarios. Once verified, predicted 
poliutant levels can then be used with confidence in air quality research and 
reviews.
6.2 Study area
The area selected for this study was Guildford, an urban area in Surrey, UK. The 
county is iocated in the south-east region of the UK. This is shown by the shaded 
area in Figure 6.1 (a).
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Figure 6.1 : Location of Guildford
Figure 6.1 (b) illustrates the location of Guildford within Surrey. The urban area of 
Guildford covers a region of approximately 8 km across and 5 km North-South. This 
is shown by the shaded area in Figure 6.1 (b). It is located about 42 km from the 
centre of London. The roads within Guildford are major commuter routes, linking 
London and Heathrow Airport with the southern and western counties of the UK.
Guildford was chosen as it has high traffic throughput, typically with average daily 
traffic flows twice the UK national average (Surrey County Council Environment, 
2000). The study area consisted of 125 major road links (A-roads shown in Figure 
6.2). 32% of these had average weekday flows in excess of 25,000 vehicles per 
day and 12% with over 50,000 vehicles per day (BCD, et al., 1996).
There is already a growing concern in Guildford regarding both the high levels of 
traffic congestion and the potentially elevated pollutant concentrations close to the 
urban population. Furthermore, there are no significant industrial processes in the 
town centre and surrounding area (Guildford Borough Council, 1998). In Cowan, et 
al., 2001, the pollutants in this region were attributed primarily to traffic-related 
sources.
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Figure 6.2: Guildford town centre and surrounding area
Traffic flow and speed along the road links are monitored by Surrey County Council. 
These are in the form of manual and automatic traffic counts. In addition, the Surrey 
County Transportation Model (CTM) is available to depict present traffic patterns 
and predict future flows from current trends.
Besides emissions data, meteorological observations are also required in air 
pollution modelling. Weather conditions for this study were recorded by the UK 
Meteorological Office. Hourly sequential data were obtained from a weather station 
situated at London Heathrow Airport (Figure 6.1 (b)). The weather station is located 
approximately 28 km north-east of Guildford. This is the nearest weather station 
with an appropriate meteorological dataset representative of the study area.
Guildford is also suitable because of the history and availability of measured 
pollution levels in this region. There are six diffusion tubes, active since 1993 and 
one automatic monitoring unit, active since 1999, within the study area (Figure 6.2). 
The diffusion tubes are used to measure monthly NO2 levels, while the automatic 
unit measures continuous NOx, NO, PMio and CO levels. These monitoring data 
were recently analysed to determine both the long-term (annual) and short-term
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(daily) trends within the study area (Hughes, et al., 2000; Cowan, et al., 2001; Lythe, 
et al., 2001; Cowan, et al., 2002; Lythe, et al., 2002).
Thus, Guildford is ideal for this investigation into traffic-related air pollution. In 
addition, the integrated air quality system may prove to be a useful tool for the local 
traffic planners and environmental officers.
6.3 Case studies 
6.3.1 Base model
In this case study, the “base modef' was a project file that consisted of the minimum 
setup parameters required to conduct an air quality prediction. Once defined, the 
base model was used to examine the relative importance of three additional 
parameters that may influence the predicted pollutant concentrations. The three 
parameters chosen were site-specific; hence, their significance in this particular 
study was unknown. The primary objective of this case study was to assess the 
performance of the long-term air quality prediction in the area when the three 
parameters were progressively incorporated into the model.
The study area selected for this study was Guildford. The objective of the study was 
achieved in two stages. Firstly, the base model parameters were identified and 
quantified. Secondly, a suite of model runs was performed in which new parameters 
were progressively added to the base model in order to improve predictions. By 
proceeding in this manner, it was possible to ascertain the relative importance of 
each additional parameter on the base model. This was important, as model 
runtimes were often high and therefore, parameters that had little influence could be 
omitted in future runs. The principal base model parameters relevant to this study 
area were:
• Emissions data and associated parameters;
• Meteorological parameters;
• Dispersion and chemistry functions.
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Emissions data and associated parameters
For the base model, only traffic-related emissions were included. All major roads 
within a 1 km radius of the 4 base receptors, located within Guildford town centre 
(Figure 6.3) were incorporated as discrete line sources. The road links were defined 
as line sources by the following properties:
• The geometrical properties, i.e. the start and end coordinates of the road 
links and their widths, obtained from Ordnance Survey (OS) maps.
• The diurnal vehicle compositions, i.e. the ratio of heavy and light duty 
vehicles, with their respective speeds, obtained from CTM 1995 
(CTM95).
• The speed-dependent emission factors for each vehicle category were 
extracted from the 1994 DMRB dataset, for projected 1995 vehicle 
emissions (DETR, 1994).
These emissions data and the associated parameters were pre-processed by 
Interface Module Ha of IMPAQT and stored in the ADMS emissions inventory.
A-road
Base receptor
A320
A322
A3
A323
r' A3100
A25
A3 /
Guildford town centre
A31 A31
\  A281
2 kmI A3
Figure 6.3: Location of base receptors in Guildford
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Meteorological parameters
Hourly sequential meteorological datasets were used to represent the various 
meteorological conditions. These were obtained from the UK Meteorological Office 
weather station situated at London Heathrow Airport. This was the nearest weather 
station, which had an appropriate meteorological dataset representative of the study 
area. The 1995 dataset was selected In order to match the emissions data. These 
meteorological data were pre-processed by Interface Module He of IMPAQT.
Dispersion and chemistry functions
In addition to the meteorological data, a number of site parameters were set, in 
order to represent the dispersion characteristics of the study area. These included:
• Latitude (52° north);
• Surface roughness length (0.3 m);
• Minimum Monin-Obukhov length (30 m).
These site-specific parameters coupled with the hourly sequential meteorological 
dataset were used to estimate atmospheric stability parameters, such as friction 
velocity, surface heat flux and boundary layer height, for each hour of the day. 
These parameters were used by the dispersion model and the chemistry module to 
predict pollutant concentrations.
For this case study, the Derwent-Middleton correlation function, an integrated 
chemistry scheme within ADMS-Urban, was used to describe the ratio of NO2 for 
given concentrations of NOx (Derwent, et al., 1996). This is an empirical function 
derived from the analysis of monitoring data at an urban roadside site in London and 
tested against data collected in other UK cities (Stidworthy, et al., 2000).
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Parameters investigated
Once the base model for Guildford had been developed, three additional parameters 
were progressively added. Firstly, canyon widths and heights were added into the 
base model. This enabled the algorithms associated with the integrated street 
canyon module to be incorporated. Secondly, road elevations were added into the 
base model. Finally, residual emissions were included as grid sources. The order 
of the base model runs is shown in Table 6.1.
Table 6.1: Parameters investigated in each test case
Test case
Base
model
Canyon widths 
and heights
Road
elevations
Residual
emissions
1 / - - -
2 / y - -
3 y y y -
4 y y y y
Concentration predictions were made for each test case at the 4 base receptor 
points. Sites 1 to 3 correspond to the monitoring sites as shown in Figure 6.3. 
Another two base receptors. Site 4 (North) and Site 4 (South), located to the north 
and south of an elevated section of the A3 (Figure 6.3) was chosen to investigate 
the effects of road elevations on the results. The prediction was made at various 
distances from the centre of the roads situated closest to the respective base 
receptors. The location of these additional receptors is represented by the arrow as 
shown in Figure 6.3.
Canyon widths and heights
The widths and heights of the street canyons were added to the geometrical 
properties of the road sources in Test Case 2. A total of 27 roads were given 
canyon heights. These were defined by the heights of the adjacent buildings. The
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road widths in street canyons were replaced with the respective distances between 
building edges. The ratio of the canyon widths to the heights in this study ranged 
from 1.8 to 13.7. These data were included in the model via Interface Module Ha of 
IMPAQT.
Road elevations
Another geometrical property of the road sources that could potentially influence the 
prediction of concentrations was the road elevations. In the base model, all roads 
were defined at ground level. However, in Test Case 3, elevations of the road 
sources were defined by the highest section of any flyovers. A height of 4.5 m was 
applied to each of the flyover. In this study, four roads were given this elevation. 
Similar to the canyon widths and heights, the road elevations were included in the 
model via Interface Module Ha of IMPAQT.
Residual emissions
Traffic emissions on minor roads were aggregated as residual emissions. In 
addition to these, emissions from small industries, domestic and other sources 
(except from off-shore oil and gas; and natural sources) were included. These 
residual emissions, stored as grid sources, were obtained from the 1996 NAEI. This 
inventory estimates the residual emissions (NAEI, 1996a) from all the sources local 
to the borough. A total of 361 grid sources, each with an emission rate (for each 
pollutant), were used to represent these residual emissions. Interface Module Hb of 
IMPAQT was used to pre-process these grid sources and these were then stored in 
the ADMS emissions inventory.
Base receptor description
Figure 6.3 shows the locations of each of the base receptor sites and Table 6.2 
provides a brief description of each site.
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Table 6.2: Description of base receptor sites (Figure 6.3)
Site Description
1
Adjacent to a major three-lane road, with about 2,400 veh/hr during peak 
time (average hourly NOx emission rate of 0.81 g/km/s). There are 3- 
storey buildings on both sides of the road.
2
Approximately 25 m from a busy road junction with traffic lights and about 
2 , 0 0 0  veh/hr during peak time (average hourly NOx emission rate of 0.52 
g/km/s). The site is also located about 60 m from a major roundabout and 
close to two large multi-storey car parks. In addition, there is a dip of about 
30° from the road to the monitoring site.
3
Located in a residential area (in the back garden of a residential property). 
Approximately 55 m from road with 2,400 veh/hr during peak time (average 
hourly NOx emission rate of 0.63 g/km/s), 150 m from road with NOx  
emission rate of 0.85 g/km/s and 270 m from road with NOx emission rate 
of 1.54 g/km/s).
4
Situated 5 m to the north and south of the flyover section of the A3. This 
section of the A3 has approximately 4,600 veh/hr during peak time 
(average hourly NOx emission rate of 1 .33 g/km/s).
Results and discussion
In total, 48 detailed long-term model runs were conducted via Interface Module Ilia 
of IMPAQT. Each run represented a calendar month throughout 1995 and the 
process was repeated for all test cases. In this section, the results for the 1-hour 
annual mean NOx concentrations are presented. The relative importance of each 
additional parameter on this NO x prediction is discussed. The results for the 
predicted pollutants can be viewed in Appendix F.1.
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Test case 1 -  Base model
Figure 6.4 shows the predicted 1995 1 -hr annual mean NOx concentrations in pg/m^ 
at various distances from the centre of the road, for each of the four base receptor 
sites. Predicted NOx concentrations were the highest at Site 4 for distances less 
than 50 m away from the road. This was followed by Sites 1, 3 and 2, which had the 
second, third and lowest predicted NOx concentrations respectively. The results 
were expected, as the road source nearest to Site 4 has the highest average NOx 
emission rate and this was followed by the emission rates on the roads adjacent to 
Sites 1, 3 and 2 respectively.
There is an apparent NOx concentration difference between receptors at Site 4 
(North) and Site 4 (South) for all distances away from the A3. Furthermore, the NOx 
concentrations at Site 4 (North) are lower than those at Site 4 (South). This 
difference is likely to be due to the number of roads that surround the base receptor 
site. Site 4 (North) is predominantly affected by the A3, when the wind direction is 
from the south, south-easterly or south-westerly. Site 4 (South) is affected by both 
the A3 (to the north) and the A25 (to the south of the A3).
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Figure 6.4: NOx concentrations with distance for Test Case 1
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For the base model, predicted NOx concentrations for all sites except for Site 4 
(North) were highest at the centre of the road. From Figure 6.4, the NOx 
concentration was higher for Site 4 at 3 m from the road, when compared to the 
centre of the road. This was consistent with the dispersion methodology adopted by 
ADMS-Urban in the treatment of road sources. The line sources were divided into 
wind-aligned, line source elements. Each receptor in turn had a different set of 
elements. Hence, for each wind direction, there was a different region of influence 
(CERC, 2001b). This concept may be illustrated in Figure 6.5. In Figure 6.5 (a), the 
region of influence for the receptor at the centre of the road occurred 26% of the 
year (based on the wind direction of the 1995 meteorological dataset). In contrast, 
the region of influence for a receptor away from the road as shown in Figure 6.5 (b) 
occurred 50% of the year. Furthermore, the influence of the road source in Figure
6.5 was more significant and nearer to the receptor in Figure 6.5 (b) than in Figure
6.5 (a).
Region of influence 
(12%)
Region of influence 
(14% )
Region of influence 
(50% )
Figure 6.5: Region of influence for receptors
The general results for all sites appeared to follow the Gaussian dispersion method 
adopted by ADMS-Urban (CERC, 2001a). The NOx levels decreased away from 
the road sources. In addition, the predicted NOx concentrations seemed to “level- 
off' to a different value for each site. This was expected as this level depends on 
the source strength and the existing background concentrations. Another interesting 
observation made from Figure 6.4 was that, there were still significant levels of NOx, 
50 m away from the nearest major road source.
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Test case 2 -  Canyon widths and heights
Figure 6 . 6  shows the results for Test Case 2, where the influence of canyon widths 
and heights on pollutant prediction was investigated. When the street canyon model 
was included in Test Case 2, interesting observations were made for Sites 1 and 2. 
The closest road sources on these two base receptor sites were in street canyons. 
The canyon width to height ratio of Sites 1 and 2 were 1. 8  and 8.3 respectively. 
Concentrations within the street canyon were calculated by the integrated 
Operational Street Pollution Model (OSPM) (CERC, 2001a). For receptors outside 
the street canyon, concentrations were calculated with the same methodology as in 
the base model. Therefore, for receptors at Sites 3 and 4, no significant changes 
were observed between Test Case 1 and 2.
There was a rise, of approximately 17%, in the predicted 1 -hour annual mean NO x  
levels, between the centre of the road ( 0  m) and the edge of the street canyon near 
Site 1 (7.5 m). This was expected as some of the NOx would have been trapped 
within the street canyons, rather than dispersed. Furthermore, it could be seen that 
the NOx concentration increased linearly between 0 m to 7.5 m. Beyond this, the 
NOx levels were the same as the base model, since the integrated street canyon 
model was not applied.
In contrast, it was noted that when canyon widths and heights were included, there 
was a 14% linear decrease of NOx concentrations between the centre of the road (0 
m) to the edge of the building near Site 2 (24.5 m). This difference in magnitude 
and trend between Sites 1 and 2 was attributed to the width of the respective street 
canyons. Street canyon effects become less dominant for larger widths (with similar 
canyon width-to-height ratio, when observed at the edge of the building). This effect 
was also observed from the parametric studies conducted on various canyon width- 
to-height ratios (Appendix E.3.2).
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Figure 6 .6 : NOx concentrations with distance for Test Case 2
Test case 3 -  Road elevations
In test case 3, road elevations were included in the base model. There were 
negligible effects on the results of Sites 1 to 3, since only the road source near Site 
4 had an elevated section. For Site 4, however, between the distances of 0  m to 3 
m away from the elevated section, there was an approximately 6 % decrease in NOx 
concentration compared with Test Case 2 (the same site but without road 
elevations). For distances between 3 m and 50 m, there was less than 5% NOx 
concentration decrease, which reduced to a 1% difference beyond 50 m. The 
results from further parametric studies on road elevation are included in Appendix
E.3.3.
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Figure 6.7: NOx concentrations with distance for Test Case 3
Test case 4 -  Residual emissions
F ina lly , res idua l e m iss io n s  w e re  inc lu de d  in th e  base  m ode l (T e s t C ase  4, F igu re  
6 .8). T h is  p a ra m e te r had th e  g re a te s t e ffec t on NOx c o n c e n tra tio n s  a t a ll s ites . In 
g en e ra l, an inc rea se  o f the  1 -h ou r a nn ua l m ean  NOx leve ls  w a s  o b se rve d . T h is  w as 
e xp e c te d  s ince  inc rea s ing  th e  em iss ion  o ve r an a re a  is like ly  to  in c re a s e  th e  NOx 
leve ls . T h e  g re a te s t inc rease , o f 10%  to  17% , w as  o b se rve d  a w a y  fro m  the  roads. 
A g a in , th is  w as  e xpe c ted , as th e  d o m in a n t so u rce  n ea r road  so u rc e s  sh ou ld  be  the  
tra ffic  e m iss io n s  ra th e r than  th e  res idua l em iss ion s .
An interesting observation from Test Case 4 is a decrease rather than an increase in 
NOx levels for receptors around Site 1 between the distances of 0  m to 7.5 m. This 
effect was traced to the ADMS-Urban dispersion methodology when its integrated 
street canyon module is invoked. When residual emissions, modelled as grids 
sources, are run in conjunction with the street canyon module and turbulent 
meteorological conditions exist, then roads with canyon properties are not modelled 
explicitly. This resulted in a slightly misleading 4% decrease between Test Case 3
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and 4 at Site 1. This site has a more significant street canyon effect due to its lower 
canyon width-to-height ratio when compared to the other sites.
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Figure 6 .8 : NOx concentrations with distance for Test Case 4
Performance of base model with additional parameters
Qualitatively, the NOx concentrations at distances away from road (outside street 
canyons) had similar trends for all test cases. This trend was simply scaled-up 
when the additional features were implemented. Quantitatively, the most significant 
effect on all base receptor sites was observed when residual emissions were 
included in the base model. The significance of this parameter on NOx  
concentrations (causing a minimum of 1 0 % variation) meant that residual emissions 
had to be included in all model runs.
The next parameter that affected the predicted NOx concentrations was the canyon 
width and height. The significance of this effect depended on the width-to-height 
ratio. The model runtime did not increase substantially when the street canyon 
module was invoked. This would suggest that canyon data should be included in
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the model. If this data were not available, a possible alternative would be to use 
good engineering judgment to estimate the dimensions of the canyon widths and 
heights, as demonstrated in Test Case 2.
Another point to consider when deciding whether to include street canyons in the 
modelling would be the effect of pollutant concentration on population exposure. 
The air quality objectives for annual mean NOx concentrations were designed to 
assess population exposure to the long-term effects of pollutants. These effects 
would be most significant on canyons with low width to height ratio and high traffic 
emissions. Therefore, the influence of street canyons should not be ignored if there 
were residential properties close to the kerb of narrow congested streets.
Finally, the parameter with the least effect on annual mean prediction was road 
elevation. A 6 % difference in NOx levels was observed between the distances of 0  
m to 3 m from the centre of the road in the elevated section. These were locations 
where there were unlikely to be any residential properties. At distances in excess of 
50 m from the elevated road section. Test Case 3 showed that there was only a 1% 
difference in the predicted NOx concentration. It is at these greater distances from 
the road where the pollutant levels are likely to be more critical due to potential 
public exposure. The effects here, however, appear to be minimal which would 
indicate that road elevations need only be included in the model, if there are known 
residences/public exposures between 3 m and 50 m of the elevated section (about 
5% difference in NOx levels).
6.3.2 Comparison with monitoring data
The results of the parametric studies and the sensitivity analyses conducted with the 
base model meant that a new emissions inventory could be produced for the base 
year 1998. This inventory, created through the application of IMPAOT, formed the 
basis of an air quality verification study. The primary objective of this case study 
was to compare the results from the dispersion modelling in Guildford with 
monitored data.
The objective of the study was achieved in three stages. Firstly, monitoring sites 
within the study area were identified and the data collated. Secondly, the pollutant
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levels at these receptors were predicted with ADMS-Urban. Finally, a comparison of 
the predicted and monitored results was carried out using typical statistical analysis. 
By proceeding in this manner, it was possible to ascertain the approximate 
uncertainty arising from air quality prediction. This is important, as air quality 
modelling is not an exact science. Therefore, any predicted results have to be 
quantified in terms of the uncertainties incurred.
Monitored data
Figure 6.2 shows the locations of the monitoring sites used in this study. The site 
description for the NO2 diffusion tubes is presented in Table 6.2 and these 
correspond to Sites 1 to 3 in Figure 6.3. These sites have been active since 1993 
and the data was recently analysed to determine the long-term (annual) trends 
(Hughes, et al., 2000; Lythe, et al., 2001; Lythe, et al., 2002). Diffusion tubes are 
widely used to monitor NO2 monthly and annual mean in the UK. This is a relatively 
low-cost and simple monitoring method. They are particularly useful indicative tools, 
providing spatial and long-term temporal trends. A recent study has shown that the 
uncertainty for diffusion tube measurements is in the region of ± 1 0  -  18% for an 
annual average reading (Bush, et al., 2000).
An automatic monitoring site was also selected for this comparison study. This 
method of monitoring is expensive and requires regular maintenance/calibration. 
However, it provides good quality (± 2%), short-term data such as the 15-minute and 
1-hour averages (DEFRA, 2003c). The automatic monitoring unit in Guildford was 
located adjacent to a building, approximately 8  m from a road with 1,600 veh/hour 
during peak time. NO2 , PM10 and CO were monitored at this site between 1999 and 
2001. The data was recently analysed to determine the short-term (daily) trends 
(Cowan, et al., 2001). At this site, NO2 was measured using the chemiluminescent 
analyser; PM10, the p-attenuation analyser, and CO, the gas correlation infra-red 
unit. Before any comparisons with the predicted results and air quality objectives 
were made, the monitored PM10 concentrations were multiplied by a factor of 1.3 to 
estimate the gravimetric equivalent concentrations (DEFRA, 2003c).
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Model setup
Traffic data and NAEI emissions for the base year 1998 were used for this 
comparison study (NAEI, 1998a). At the time of this study, the 1999 base year 
traffic data/NAEI emissions were not available. However, since the automatic 
monitoring data was only available from the year 1999, the DMRB dataset for the 
projected year 1999, was applied in calculating the 1999 traffic emissions. These 
emissions data were pre-processed by Interface Modules Ha and lib of IMPAQT.
The 1999 hourly sequential meteorological datasets from London Heathrow Airport 
were selected in order to match the emissions data. These data were pre- 
processed by Interface Module He of IMPAQT. The same dispersion parameters 
and chemistry function as the base model investigation was used in this comparison 
study. Canyon heights and widths similar to the base model study were also 
applied. For the output, 1 -hour average concentrations for NOx, NO2, CO and PM10 
were predicted at receptor locations coinciding with the four monitoring sites.
Data analysis
The 1999 background concentrations for NOx, NO2 and PM10 were obtained from a 
rural automatic monitoring site at Rochester, Kent, located 74 km north-east of 
Guildford. This was the only rural site in south-east England with available 
monitored data for 1999. It was therefore, judged most representative of likely 
background levels in Guildford. The Rochester automatic monitoring unit is part of 
the UK Automatic Urban and Rural Network (AURN). It is located on the boundary 
of a rural primary school, with the nearest country road at a distance of 80 m from 
the site (DEFRA, 2003b).
Background concentrations for NOx and NO2 were directly added to the predicted 
hourly results for comparison with any available monitored data and air quality 
objectives. The background PM10 concentrations, measured using the Tapered 
Element Oscillating Microbalance (TEGM), were converted to the gravimetric 
equivalent concentrations before they were added to the predicted hourly 
concentrations. Similar to the monitored results in Guildford, a factor of 1.3 was
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multiplied to all the hourly monitored background concentrations and then added to 
the predicted concentrations.
The 1999 background concentrations for CO were obtained from an urban 
background site at Reading, located 25 km north-west of Guildford. This was the 
nearest urban background site to Guildford that monitored CO. It was therefore, 
judged most representative of likely CO background levels in Guildford. The 
Reading automatic monitoring unit is also part of the AURN. It is located 20 m from 
the 2-lane A4 carriageway. The surrounding area of this site is considered to be 
urban background, with business and light industrial premises (DEFRA, 2003a).
Once the hourly concentrations have been predicted by ADMS-Urban, the results 
were post-processed statistically as summarised in Table 6.3. These predicted 
results were then compared to the relevant monitored results and air quality 
objectives. A standard set of statistics, described in Hanna, et al., 1989 and Owen, 
et al., 2 0 0 0 , were also conducted to compare the predicted and monitored results. 
These statistics were the standard deviation (ct), correlation (R), bias, fractional bias, 
fraction of data within a factor of two (F2) and normalised mean squared error 
(NMSE).
Table 6.3: Statistics conducted on houriy poiiutant concentration
Pollutant Statistics
NO2
Annual mean, maximum/minimum hourly value, 50^ percentile, 99.8^  ^
percentile
PM10
24-hour mean, annual mean, maximum/minimum 24-hour value, 50^ 
percentile, 90^ percentile
0 0
8 -hour running mean, annual mean maximum/minimum hourly value, 
50^ percentile, maximum daily 8 -hour running mean
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Results and discussions 
NOx and NO?
Monitored NOx results from the automatic monitoring site were not available for 
comparison at the time of this study. Time series graph of predicted NOx 
concentrations; time series graph of predicted NOx and NO2 concentrations; and the 
predicted NOx to NO2 transformation curve for this site are presented in Appendix
F.2.1.
Statistical analysis was carried out on the monitored and modelled NO2 results at 
this automatic monitoring site. Since the NO2 data capture for this site was 52% in 
1999, only data that were available in both the monitored and modelled 
concentrations were used to obtain the relevant statistics summarised in Table 6.4. 
Figure 6.9 shows a time series of the modelled and monitored NO2 concentrations 
at the automatic monitoring site.
Table 6.4: Statistical analysis on the monitored and modelled 1-hr NO2 at automatic
monitoring site
Statistic Monitored (jig/m^) Modelled (pg/m^) Bias (pg/m^)
Annual mean 34.28 55.89 -21.60
Maximum value 145.45 263.89 -118.45
Minimum value 0 . 0 2 5.81 -5.79
50^ percentile 30.82 53.05 -2 2 . 2 2
99.8‘  ^percentile 1 2 2 . 0 2 168.96 -46.94
a 20.97 27.61 N/A
Using the available data, there was an overall tendency for the model to overpredict 
NO2 concentrations at this site (Figure 6.9). However, the modelled hourly trend 
appeared to follow the trend of the hourly monitored concentrations.
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The hourly, annual mean, maximum/minimum and percentiles levels were predicted 
higher than the monitored levels. The biggest bias between the monitored and 
modelled levels was for the maximum 1-hour concentration. This means, the 
difference between the modelled and monitored data was greatest (negative bias) at 
higher NO2 concentrations. Possible explanations for the considerable difference in 
the NO2 levels are:
• ADMS-Urban overpredicted the NOx concentrations. The modelled NOx 
levels could not be verified, as no NOx data were available for 
comparison.
• Background NO2 concentrations assumed for this study are higher than 
those in Guildford. Unfortunately, only one rural AURN site (Rochester) 
was available for this study.
• The Derwent-Middleton correlation function used in this study 
overpredicted the amount of NOx transformed into NO2.
• The monitored values may have been too low, i.e. the monitoring 
equipment was not adequately calibrated. In this case, it was noted that 
the minimum monitored NO2 concentration was effectively zero. Even 
with no NOx emissions, it is unlikely that no ambient NO2 concentration 
exist in the atmosphere. In addition, the lower detectable limit for the 
NO2 analyser was 4 pg/m^. However, 3.5% of the hourly monitoring 
data were below this minimum equipment threshold. This would suggest 
that some of the monitored data might have been incorrect.
From the automatic monitoring results, there was no exceedance of the 40 pg/m^ 
annual mean objective. In contrast, based on the predicted results this NO2 
objective was not achieved at this site. For an air quality review and assessment, it 
is recommended that predictions should be made on the precautionary side 
(DEFRA, 2003c). Therefore, it is better to overestimate, rather than underestimate 
pollutant concentrations. No exceedances were recorded for either the monitored or 
the predicted results for the 1-hour 99.8*  ^ percentile objective (200 pg/m^ not to be 
exceeded more than 18 times per year).
Chapter 6: Application to case studies 148
Traffic-related air pollutants in an urban area February 2004
300
250
200
E
O)3 150
0
z
100
50
0
MonitoredModelled
Figure 6.9: 1-hr tlme-series of modelled and monitored NO2 concentrations at the
automatic monitoring site
For Sites 1 to 3, only monthly and annual mean NO2 concentrations were available 
for comparison. Statistical analysis was also carried out on the monitored and 
modelled NO2 results at these three diffusion tube sites. The annual mean, 
maximum and minimum values were calculated. The percentile values can only be 
determined from hourly values, which are not available from the diffusion tube 
measurements. Similarly, concentration bias was not calculated for this comparison 
due to the high degree of uncertainty involved in diffusion tube measurements. The 
relevant statistics for the three sites are summarised in Table 6.5. Comparison 
between the modelled and monitored monthly NO2 concentrations at these sites is 
provided in Appendix F.2.1.
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Table 6.5: Statistical analysis on the monitored and modelled monthly NO2 at the
diffusion tube monitoring sites
Statistic
Site 1 (pg/m^) Site 2 (pg/m^) Site 3 (pg/m^)
Monitored Modelied Monitored Modeiied Monitored Modeiied
Annual
mean
56.27 62.00 36.96 51.26 22.06 57.08
Maximum
value
77.92 76.09 52.94 61.80 37.96 65.67
Minimum
value
37.96 47.77 24.97 40.27 9.99 42.79
a 11.09 7.39 9.75 7.38 7.00 6.93
Similar to the automatic monitoring site, the predicted values were higher than the 
NO2 annual means at all the diffusion tube sites. The best NO2 annual mean 
prediction was made for Site 1. The prediction at Site 3 produced the most 
significant difference. The NO2 measurements at this site were low in 1999. This is 
likely due to its position situated at the back garden of a residential property. The 
unique location of the tube was not reflected in the dispersion model. In the 
numerical model, the pollutant dispersion was treated as if there were no 
obstructions between the highly trafficked road sources to this receptor. However, 
this did not reflect the actual location of the tube, as it might be located in a 
sheltered position.
From the diffusion tube results, there was only one exceedance of the 40 pg/m^ 
annual mean objective at Site 1. In contrast, based on the predicted results, this 
objective was not met at any of the sites. If a precautionary approach were adopted, 
i.e, assuming that there was a maximum error of +18% in the diffusion tube annual 
mean reading, then the annual mean concentration at Site 2 would be 43.61 pg/m^ 
(36.96 pg/m^ + 0.18 * 36.96 pg/m^). This would mean that the measurement at this 
site would not meet the annual mean objective.
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PM10
There was only one site for the comparison study of PM10. This was at the 
automatic monitoring site, where statistical analysis was carried out on the 
monitored and predicted PM10 results. Only the 24-hour means of monitored PM10 
concentrations were available for this study, with a 62% data capture. As with the 
NO2 concentrations, only data from both the monitored and modelled concentrations 
were used to obtain the relevant statistics summarised in Table 6 .6 . Figure 6.10 
shows a time series of the modelled and monitored PM10 concentrations at the 
automatic monitoring site.
Table 6 .6 : Statistical analysis on the monitored and modelled 24-hr PM10 at the
automatic monitoring site
Statistic Monitored (pg/m^) Modeiied (pg/m^) Bias (pg/m^)
Annual mean 25.04 24.84 0 . 2 0
Maximum value 75.43 66.60 8.82
Minimum value 10.36 7.57 2.79
50^ percentile 21.93 22.47 -0.54
90^ percentile 40.71 38.19 2.51
a 10.46 10.18 N/A
In general, there was excellent agreement between the 24-hour mean monitored 
and modelled PM10 concentrations (Figure 6 .1 0 ). In addition, the modelled 24-hour 
trend appeared to follow the trend of the 24-hour monitored concentrations.
The predicted annual mean, maximum/minimum and percentile levels also 
compared reasonably well with the monitored values. There was a slight 
underprediction (bias of +0 . 2 0  pg/m^) of the predicted annual mean concentration. 
The most significant bias between the monitored and modelled levels was the 
maximum 24-hour PM10 concentration. This was similar to the NO2 concentrations.
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From the automatic monitoring results, there were no exceedances of both the 40 
|ig/m^ annual mean objective and the 24-hour 90^ percentile objective (50 pg/m^ not 
to be exceeded more than 35 times per year). The predicted concentrations 
similarly reflected this trend, as both objectives were achieved at this site.
MonitoredModelled
Figure 6.10: 24-hr time series of modelled and monitored PMio concentrations at the
automatic monitoring site
CO
There was one site for the comparison study of CO. This was again at the 
automatic monitoring site, where statistical analysis was carried out on the 
monitored and predicted CO results. The 8 -hour mean of monitored CO 
concentrations was available for this study, with 87% data capture. As with the 
previous analyses, only data that were available in both monitored and modelled 
concentrations were used to obtain the relevant statistics summarised in Table 6.7. 
Figure 6.11 shows a time series of the modelled and monitored CO concentrations 
at the automatic monitoring site.
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Table 6.7: Statistical analysis on the monitored and modelled 8 -hr CO at the
automatic monitoring site
Statistic Monitored (mg/m^) Modelled (mg/m^) Bias (mg/m^)
Annual mean 0.91 1 . 0 2 -0 . 1 1
Maximum value 4.40 3.62 0.78
Minimum value 0.18 0.17 0 . 0 1
50^ percentile 0.73 0.90 -0.17
Maximum daily 8 - 
hour running mean
4.40 3.62 0.78
a 0.63 0.50 N/A
There is a slight tendency of the model to underpredict the 8 -hour CO levels (Figure 
6.11). However, the modelled 8 -hour trend appeared to follow the trend of the 8 - 
hour monitored concentrations.
Similar to PMio results, the annual mean, maximum/minimum, percentile and 
maximum daily 8 -hour running mean levels compared relatively well with the 
monitored values. The most significant bias between the monitored and modelled 
levels was the maximum value and the maximum daily 8 -hour running mean. This 
was again consistent with the other two pollutants discussed earlier (the model 
underperformed at higher CO concentrations).
For the automatic monitoring site, there was no exceedance of the 10.0 mg/m^ 
maximum daily running 8 -hour mean for both the monitored and modelled CO 
concentrations. These monitored and predicted CO levels were well below the air 
quality objective.
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MonitoredModelled
Figure 6.11: 8-hr time series of modelled and monitored CO concentrations at the
automatic monitoring site
Model performance
No numerical model is capable of producing perfectly 100% accurate results. There 
is always a level of uncertainty associated with any numerical modelling, especially 
in air quality prediction. The degree of uncertainty in air quality modelling depends 
on its input data such as emissions and meteorological data; assumptions used in 
describing atmospheric dispersion; and the type of output required, i.e. whether 
short-term or long-term prediction.
In this case study, every effort has been taken to ensure that the best available data 
was used. Comparisons between the monitored and modelled concentrations of the 
individual pollutants, NO2 , PMio and CO, were carried out in the previous section. In 
this section, statistical analysis will be conducted on the results to determine the 
overall performance of the model. For this part of the study, only comparison results 
from the automatic monitoring unit were used. This was due to the higher level of 
uncertainty involved in diffusion tube measurements, between 24-38% for individual
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readings and 10-18% for annual averages (Bush, et al., 2000).
Table 6 .8 : Statistics on short-term (ST) and long-term (LT) predictions
ST or 
LT
Monitored (All 
pollutants)
Modelled
NO2 PM10 CO
F2 ST 1 0.57 0.99 0.69
R ST 1 0.28 0.75 0.31
NMSE ST 0 0.33 0 . 0 0 2 0.05
Bias LT 0 -21.60 0 . 2 0 -0 . 1 1
Fractional
bias
LT 0 -0.48 0 . 0 1 -0 . 1 2
Table 6 . 8  shows the statistical analysis conducted on the iong-term and short-term 
predictions. Out of the three poliutants investigated, the best model performance 
(short-term) was observed for the prediction of PMio. Most of the predicted 
concentrations were within a factor of 2  of the monitored concentrations (F2 = 1 if ali 
the predicted data were within a factor of 2 from the monitored data). The NMSE 
value for this pollutant was low and this denoted good short-term model 
performance for PM10.
The model performed reasonably well for the short-term predictions of CO. Almost 
70% of the predictions for CO were within a factor of 2 of the monitored value. In 
addition, the NMSE value was relatively low. However, the correlation between 
monitored and modeiied CO was not as good as the correlation for PM10.
Short-term model prediction was the weakest for NO2 . Only 57% of the predicted 
concentrations were within a factor of 2 of the monitored levels. Furthermore, there 
was poorer correlation and higher NMSE for NO2 than the other two pollutants 
investigated.
From the results presented in Table 6 .8 , the model performed better for PM10 and 
CO than NO2 . The bias and fractional bias for PM10 and CO were lower than the
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respective long-term statistics for NO2 . There was an overprediction (negative bias 
and fractional bias) for the long-term CO and NO2 predictions.
Overali, the modei performed better at long-term than short-term predictions. This 
was reflected by the low bias values between the modelled and monitored annuai 
mean and low correlation for the short-term values (Figure 6.9, Figure 6.10 and 
Figure 6.11. This was expected, as there is a higher degree of variability (traffic 
emissions and meteorology) in hourly concentrations than annual averages.
The best model performance was observed for PM10, followed by CO and NO2 . A 
possible explanation is that the model may be underperforming when predicting 
poiiutant concentration from road sources. The annual mean PM10 concentrations 
are iargely dominated by regional background sources (approximately 1 4 - 2 1  
pgW ). Conversely, in urban areas, more than 70% of NOx and CO concentrations 
are attributed to road sources (DEFRA, 2003c).
Several criteria may have caused the difference in predicted and monitored 
concentrations:
• Traffic emissions: Uncertainties in flow, speed, mix and emission
factors.
• Residuai emissions: Uncertainties in NAEI estimates.
• Background concentrations: Only one AURN site was available for 
providing the background concentrations to the modelled results.
• Meteorological data: The meteorology at London Heathrow Airport may
not reflect locai meteorological conditions around the monitoring site.
• Chemicai functions: The Derwent-Middleton correlation function was the
best available chemistry function for the purpose of this study. It may
not correctly represent the NOX to N02 chemical transformation at a
local level for specific meteorologicai conditions.
• Model parameters and limitations: Surface roughness, minimum Monin- 
Obukhov iength and assumptions made by the model.
• Monitored data: In general, automatic monitoring is an accurate and
reliable monitoring method. However, low data capture may cause 
discrepancies between the predicted and monitored long-term
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concentrations.
• Location of automatic monitoring site: The site is located adjacent to a 
building. This was not included in the model setup, as ADMS-Urban is 
not abie to predict dispersion from line sources around buildings.
In Kumar, et al., 1993, it was recommended that the performance of a model is 
deemed acceptable if the NMSE is less than 0.5 and the fractional bias is between -  
0.5 and +0.5. Furthermore, model predictions of annual mean concentrations within 
±50% of the monitored levels are generally acceptable (DETR, 2000c). Based on 
this figures, for this case study, the performance of the modei was well within the 
range "deemed acceptable”.
6.3.3 Air quality caicuiation
In this third case study, a detaiied air quality calculation was undertaken using 
IMPAQT. Once IMPAQT was initiated. Interface Module I was used to select the 
tools required for the case study. These were CTM98, ADMS-Urban and ArcView 
GIS. Interface Modules Ha and lib of iMPAQT were then used to obtain the 2005 
traffic emissions (based on the 2005 emission factors) and total emissions, whiie the 
Interface Module He was used to pre-process the 1998 meteorological data. The 
type of run selected was the detailed modelling option, since an accurate set of 
resuits were required. The rest of the model setup was similar to the comparison 
study discussed in the previous section, except for the output. In this study, a set of 
contour plots for each of the pollutants investigated was required. Therefore, the 
intelligent gridding option was selected as output.
The resulting high-resolution PMio map for this case study is shown in Figure 6.12. 
The areas with the highest levels of PMio were clearly identified along sections of 
the A3. This was expected, as this is the dominant road source (highest traffic 
throughput) within the study area, in the case of PMio, the highest leveis were weli 
below 40 pg/m^. This wouid suggest that Guildford town centre could achieve the 1- 
hr annuai mean PMio air quality target in 2005.
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Figure 6.12: Detailed modelling of Guildford town centre (annual mean PM^o)
Figure 6.13 shows the high-resolution NO2 map for the same study area. The areas 
with the maximum levels of NO2 (> 40 pg/m^) were again identified along sections of 
the A3, similar to the PM10 distribution. Areas with levels approaching the 40 pg/m^ 
1 -hr annual mean objective were found to be along major urban routes into the town 
centre. These roads were the A322 and A320. They did not have traffic levels as 
high as the A3, although they were known to be congested during peak hours. It 
was, therefore anticipated that these routes would have high NOx emissions and 
hence, elevated levels of NO2 .
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Figure 6.13: Detailed modelling of Guildford town centre (annual mean NO2)
6.3.4 Air quality assessment
Interface Module IV of IMPAQT was then applied to the NO2 pollution map, to 
identify the “hot spots", i.e. where the NO2 levels exceeded the 40 pg/m^ target. 
These vulnerable areas, as depicted in Figure 6.14, have both elevated pollution 
levels and potential public exposure, i.e. areas with buildings and NO2 levels above 
40 pg/m^.
A total of 31 road links were identified, by IMPAQT, as the road sources most likely 
to have caused these “hot spots”. These road links were then transferred to 
Interface Module V of IMPAQT, where several what-if scenarios could be tested to 
try and reduce the pollution levels along these links.
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Figure 6.14: Areas with likely public exposure to 1-hr annual mean NO2
6.3.5 What-if scenarios
Two traffic scenarios were applied to this Guildford town centre case study via 
Interface Module V of IMPAQT. The first scenario was a hypothetical option where 
HDVs were totally excluded from the road links in the town centre. This scenario 
was tested to investigate the extent of the influence of HDVs on NO2 concentrations 
in the study area.
The second scenario adopted a more practical approach for improving air quality in 
urban areas. In this scenario, the hourly traffic flow was reduced by 20% on the 31 
road links identified in the air quality assessment. In addition, the hourly traffic flow 
along roads within a 5  km radius from these links were reduced by 10% (87 road 
links).
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These scenarios were applied to the 1998 traffic flows (2005 emission factors) and 
two new emissions inventories were constructed through Interface Modules Ha and 
lib of IMPAQT. ADMS-Urban was re-run with these new emissions inventories. 
The results for Scenarios 1 and 2 are presented in Figure 6.15 and Figure 6.17 
respectively.
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Figure 6.15: Scenario 1 -  Without HDVs
Figure 6.15 (Scenario 1 ) showed that the NO2 “hot spots" along the links identified in 
the air quality assessment were significantly reduced. The reduction in NO2 
concentrations was most significant along the A3, the A25 and the southern edge of 
Guildford town centre. The exclusion of HDVs from the “hot spots" reduced the 
number of exposed areas down to a single building. This building was located at the 
edge of a busy roundabout, next to the A3 (Figure 6.16).
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Figure 6.16: Areas with iikeiy pubiic exposure to annual mean NO2 (Scenario 1)
The results for Scenario 2 are presented in Figure 6.17. There was a reduction of 
NO2 concentrations on the critical links along the A3, the A25 and the southern edge 
of Guildford town centre, which was similar to Scenario 1. There was also evidence 
of “boundary shrinkage” effect along these links. A 20% reduction in hourly traffic 
flow confined the exposed areas to the north-west region of the town centre. This 
area was the same as that identified in Scenario 1, i.e. the region located next to a 
busy roundabout next to the A3, as illustrated in Figure 6.18.
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Figure 6.17: Scenario 2 -  20% reduction on hourly “all vehicle” flow
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Figure 6.18: Area with likely public exposure to annual mean NO2 (Scenario 2)
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A comparison between Scenarios 1 and 2 showed that the emissions were the most 
significant around busy junctions, where there was potential traffic congestion. As 
expected, Scenario 1 showed that HDVs were the biggest polluters in the “hot 
spots". Both scenarios reduced the number of “hot spots", thus reducing the 
number of areas with iikeiy public exposure, i.e. the number of buildings located 
within areas with NO2 concentrations above 40 pg/m^ had reduced.
in the “rear world, however, preventing HDVs from travelling along these routes 
may not be feasible. A traffic management scheme, which can reduce the hourly 
traffic flow by 20%, may, however, be possible. In terms of long-term sustainability, 
this will depend on several factors such as traffic growth, changes in emission 
factors, etc. The emission factors are likely to decrease in the future, thus provided 
there are no significant changes in traffic growth or composition (when compared to 
the DETR vehicle fleet model, where the emission factors for future years were 
derived (DETR, 1999)), then these factors coupled with a traffic management 
scheme of this nature may be sufficient to eliminate the “hot spots" within the study 
area.
6.4 Summary
In this chapter, five case studies have been described in detail in order to 
demonstrate the scope and versatility of IMPAQT. In the first case study, IMPAQT 
was used to develop a base model and to examine the relative importance of three 
model parameters. The results of the sensitivity analyses conducted with the base 
model were then used as a basis of a new emissions inventory. This inventory was 
created by IMPAQT and applied in the second case study. This study was 
conducted to compare the results from the dispersion modelling in Guildford with 
monitored data. The application of IMPAQT in the first two case studies showed 
that laborious and time-consuming tasks such as the pre-processing of input data 
were completed quickly and efficiently.
In the third case study, a detailed air quality calculation was undertaken using 
CTM98, ADMS-Urban and ArcView CIS. These tools were selected via IMPAQT 
and were applied to produce a set of contour plots for NO2 and PM10. IMPAQT was
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then used in the fourth study, to assess air quality in Guiidford town centre. 
Interface Module IV of iMPAQT identified NO2 “hot spots" (areas where the NO2 
levels exceeded the 40 pg/m^ target) and areas with potential public exposure, in 
both of these case studies, iMPAQT was used to reduce the time required in air 
quality assessments. Similar to the first two case studies, iMPAQT reduced the time 
required in the pre-processing stage. In addition, the task of assessing air quality 
from dispersion modelling results was carried out systematically and automatically 
by IMPAQT.
Finally, in the fifth case study, two traffic scenarios were applied to the results from 
the air quality assessments. IMPAQT was applied to determine the air quality 
impact of excluding HDVs and a 20% reduction of hourly traffic flow from road links 
in the town centre, in this study, IMPAQT demonstrated its advantage as a versatile 
system that can be applied to assist decision makers assess air quality from 
different traffic scenarios.
In summary, IMPAQT may be used to reduce the time required in air quality studies 
and reviews, in addition, the tools selected via IMPAQT can be applied to conduct 
air quality from current/future situation, and to carry out air quality assessment of 
traffic scenarios.
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PARTS
F inally
Air quality is improving year on year. In recent years we have seen the levels of 
particle air pollution fail significantly as new policy measures to cut emissions from 
industry and traffic take effect.
- Michael Meacher, Minister for Environment, September 2001
These latest [air quality] estimates are very good news... But, even though these 
figures are encouraging, we must not be complacent. There are still significant 
problems where we need to do more, for example, to further reduce greenhouse 
gases and harmful pollutants such as ammonia and particulate matter.
- Michael Meacher, Minister for Environment, December 2001
(http://www.sustainable-development.gov.uk/ar2001/04b.htm)
Co nclusio ns
In this chapter, the main conciusions from this research project are presented. This 
is foliowed by a summary of the advantages of the integrated system to both the 
system deveioper and the user. Finaliy, recommendations for further research are 
presented at the end of the chapter.
7.1 Concluding remarks
Urban air quaiity is a major concern throughout the world. In the UK, local 
authorities are now required by iaw to improve air quaiity in their respective area. In 
most urban areas, emissions from traffic are a major contributors of harmfui 
poilutants such as NOx, CO, PM and VOCs. Therefore, many air quaiity studies 
have been conducted to investigate various poiiution reduction strategies.
Tools such as transport and dispersion models are needed to predict any potential 
atmospheric poiiution probiems and to test the effectiveness of any air quaiity action 
pians. The processes invoived in traffic-reiated air quality studies are generaiiy 
iaborious and time-consuming. The various toois used in these investigations are 
currently treated independently, with no obvious link between them.
The aim of this research was to develop a link between these air quality toois, 
namely, a transport model, an emissions inventory, a dispersion model and a 
desktop CIS. An integrated decision support system was designed using a generic, 
moduiar framework. The implementation of this framework was conducted through 
the development of prototype software IMPAQT. This system was developed to aid 
transport or environmentai pianners, in optimising urban traffic routes with iocai air 
quality, in addition to increasing the efficiency of air quaiity investigations.
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The integrated system was designed in a modular style to increase flexibility and 
extensibility. It showed that existing air quaiity tools could successfully be linked 
through interfaces, to account for traffic-related air quaiity issues. Furthermore, it 
was extended to include new modules to account for pubiic exposure and pollution 
reduction schemes.
-iMPAQT-was validated through a series of comparison tests. Data generated 
automatically by each interface module was compared to those produced manually. 
These tests showed that both resulting datasets were the same. The data were 
then transferred from one module to another, where the data compatibility and 
integrity were tested.
iMPAQT was then used to carry out various parametric studies. These 
investigations were carried out to determine the relative importance of specific 
parameters such as the extent of sources to be included in an air quality prediction, 
the required size of modelling area and the approximate effects of emissions 
reduction schemes on pollutant concentrations. IMPAQT was then applied to 
several case studies, it was used to carry out urban air quality assessments and to 
test different air quaiity scenarios from various traffic management schemes.
The results from the parametric studies showed that in order to minimise 
computation time without compromising accuracy, ail road sources within a distance 
of 1 km from the receptor or contour plot area should be included in the modelling. 
In addition, the results from the modelling area studies suggested that a combination 
of medium and smaii-sized modelling areas be used to obtain appropriate accuracy 
whilst reducing pre-processing and model runtime.
The results from the emissions reduction studies on traffic flows indicated that under 
average meteorological conditions, the percentage change in pollutant concentration 
at a distance of 50 m from the centre of the road is almost proportional to the 
percentage flow change. The studies also suggested that changes in traffic flow 
would have less effect on pollutant concentrations away from roads. Furthermore, 
the predominant source of traffic-related air poiiution was attributed to HDVs. 
Therefore, increasing or decreasing HDVs on a specific road could significantly 
influence the air quaiity around that road link. It was demonstrated from the
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emissions reduction studies on traffic speeds that reducing traffic congestion and 
allowing free-flow traffic with a speed of 70 to 80 km/hr along major routes might 
improve urban air quaiity. This parametric study also showed that speed changes 
might be a cost effective measure to reduce poiiution, especially along major 
commuter routes or motorways, where residential properties lie within 30 m off the 
centre of the road.
IMPAQT was also used to develop a base model and to examine the relative 
importance of three model parameters (street canyons, road elevations and residual 
emissions). From this study, the most significant parameters were found to be 
street canyons and residual emissions. The results from a dispersion modelling 
study in Guiidford were compared with monitored data. In general, ADMS-Urban 
performed better at long-term than short-term predictions. Furthermore, the model 
predictions of annual mean concentrations were well within the acceptable range. 
The toois that were selected via IMPAQT were then applied to predict and assess 
air quaiity in Guiidford town centre. Areas with potential public exposure were 
successfully identified through iMPAQT. Finaliy, two traffic scenarios were applied 
to the results from the air quaiity assessments. The scenarios showed that the 
emissions were the most significant around busy junctions, where there was 
potential traffic congestion.
The results from the case studies showed that the iaborious and time-consuming 
tasks such as the pre-processing of input data were completed quickly and 
efficiently. “Hot spots" were identified automatically. Traffic scenarios were applied 
to the road links within these “hot spots", in order to reduce poiiution levels in these 
areas.
iMPAQT was found to be particularly advantageous in terms of its time-reducing 
capability in air quality assessments, it has maximum potential as a quick and 
useful decision support tool. The system design also has many advantages, to both 
the system developers and scientific community. These are detailed in the following 
section.
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7.1.1 Advantages to system developers
The system was designed by adopting the “waterfall with prototyping' software 
development processes. This approach was advantageous because it meant that 
the deveioper could check the feasibility of the system framework at an early stage. 
The system requirements could be clarified and any problems arising from the 
existing specification could be examined, detected and corrected as the system was 
being developed. This also allowed the programmer to make any necessary design 
modifications and refinements to the system before the framework was completed. 
Furthermore, an iteration process of quick design, implementation and testing, could 
be applied to the integrated system using this software development concept. This 
approach produced a high quaiity and easy to maintain system.
The other concept behind the integrated system design was the utilisation of 
moduiar programming. Its deployment through the various interface modules 
allowed for a robust, efficient and extensible interface. From a programming 
viewpoint, the system consisted of many modules, each performing a specific task. 
Consequently, all the modules were developed and tested independently before 
being linked and tested coiiectiveiy as a whole system. This meant that syntax and 
runtime errors were quickly detected and thus, corrected at an early stage. It was 
also easier to document and maintain the modules, as they were not entirely 
dependent on one another.
Another advantage of the system was that the interface modules could be easily 
extended, adapted or customised. This was facilitated by using an object-oriented 
programming language, such as VB. The system consisted of complex components 
with many lines of codes, if a traditional procedural language had been selected, 
then changes or additions to the existing functions may have impacted significantly 
on the existing code. The advantage of selecting an object-oriented language was 
that it allowed new features or functions to be added the system, with only minimal 
modifications to the related objects or components thus, leaving unrelated elements 
in tact.
Finally, the system was designed by coupling the results from the various air quality 
toois, without the knowledge of their underlying codes. This was an important
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feature of the integrated system as source files to many models/applications were 
rarely available. This “black box" approach was advantageous because it increased 
the fiexibiiity of the interface. It meant that various modules could be slightly altered 
to accommodate other transport models, emissions inventories, dispersion models, 
or GISs. Furthermore, most of the modules were stand-alone and thus, could be 
readily extended or customised to include new tools.
7.1.2 Advantages to scientific community
The integrated system has many advantages for the scientific community. One 
desirable feature was as previously mentioned, the coupling of the resuits from the 
air quaiity toois. Accordingly, each model not only retained its complexity and 
advanced features, but it could also be validated independently.
Parametric or validation studies were conducted in less time than in the 
conventional manner, as the interface provided a mechanism for automatic data 
transfer, pre- and post-processing. Consequently, considerably more time could be 
spent improving the toois and issues relating to air quality prediction rather than on 
data preparation.
The GUI used to display the integrated system would also be extremely useful to 
users. As discussed, the GUI was developed using standard user interface forms, 
controls and icons. This would present a familiar working environment for most 
users of IMPAQT, thus significantly reducing the time required for software 
familiarisation.
Air quality studies are often muiti-discipiinary, although at present, scientists often 
only have expertise in one or two of the related topic, such as emissions calculation, 
dispersion modelling, or GiS. IMPAQT includes almost all the key issues necessary 
to perform full air quaiity investigations in an easy-to-use format. Hence, both expert 
and non-expert users would be able to use iMPAQT.
iMPAQT was designed so that the interface modules within it could be used 
independently. This is advantageous because the users can choose only the 
modules that they need to aid their particular investigation.
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7.1.3 Advantages to applied research activities
The key advantages of iMPAQT to applied research activities, i.e. air quaiity review 
and assessment, are the time-saving costs. Dispersion modelling is known to be 
time consuming particularly in the data preparation, modelling runtime and analysis 
stages. Whilst IMPAQT has no control over the actual model runtimes, it does 
significantly reduce the time during the pre- and post-processing stages, especially 
for the data transfer between the different air quaiity toois. These data 
transfer/retrieval processes are usually carried out manually and are now fully 
automated in IMPAQT. This reduces the overall runtime of an assessment.
iMPAQT contains new decision support toois to quickly screen the study area, 
automatically detect “hot spots" and test traffic scenarios. At present, environmental 
planners conduct all these phases manually. Hence, only cases that warrant further 
investigations are recommended for detailed examinations. Again, the case studies 
undertaken using IMPAQT and then repeated manually without IMPAQT, clearly 
demonstrated the benefits of these new toois in terms of overall runtimes.
Time cuts were also made at the end of assessments using IMPAQT’s facility to 
automatically generate summary reports. A listing of ail the electronic copies of the 
results (generated and saved in a range of formats) was compiled. The summary 
reports may be used to aid, simplify and expedite the decision making process.
The interface modules were integrated through a Microsoft® Windows-style GUI. 
This allows the user easy access to a suite of air quaiity tools through familiar user 
interface forms, controls and icons. For new users, this would help minimise the 
time required to familiarise themselves with IMPAQT. Once using IMPAQT, users 
are given the choice to select specific files or datasets; to cancel commands or exit 
a module at any point, via the GUI. Ail the configuration files may be saved, thus 
users can restore a previously/commonly used settings without repeating the setup 
process. This means that the navigation times through IMPAQT may be minimised.
In terms of runtime efficiency, model runs can be queued and conducted overnight. 
The dispersion model once setup, can be run simultaneously on different PCs. This 
allows full use of available computing resources.
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Uitimateiy, less time spent on the actual air quality review and assessment process 
should translate to more time being spent by local authorities in actually 
implementing their action plans and tackling air quality issues.
7.2 Recommendations for further research
New ideas introduced during the development of IMPAQT warrant further 
investigations and research. The following sections outline some recommendations 
on the areas that could be further developed or improved. Enhancements and new 
features suggested are summarised in Figure 7.1.
7.2.1 integration of other air quaiity toois and data
The integrated system developed for this research was tested using four widely 
used air quality toois. Further testing using alternative tools was beyond the scope 
of this project. A wider selection of tools in the system would increase its fiexibiiity.
Filters could be used to accommodate these tools, as previously described in
Chapter 4. Examples of toois that could complement the existing models are:
• Transport model:
0 Simulation and Assignment of Traffic to Urban Road Networks
(SATURN). This is a traffic network analysis program developed 
at the Institute of Transportation Studies (ITS), University of Leeds.
• Emissions inventory:
0 Emissions Inventory Toolkit (EMIT) developed by CERC. EMIT is
a database used to manage and manipulate emissions inventory.
• Dispersion modelling system:
0 AERMOD, which consisted of a meteorological pre-processor
(AERMET), a dispersion model (AERMOD) and a terrain pre­
processor (AERMAP). It was developed by the American
Meteorological Society / Environmental Protection Agency
Regulatory Model Improvement Committee (AERMIC).
• GiS:
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0 Maplnfo, a desktop GiS developed by Map Info Corporation. This
GIS is widely used by UK local authorities.
Air quaiity data could also be included. Some recommendations for new data to be 
incorporated to the system are:
• Local meteorology:
0 Local meteorological data, such as those obtained from AURN
sites, may be included in the integrated system. These will enable 
the dispersion model to provide a better representation of 
dispersion characteristics on a specific site. Any real-time data 
may be used to forecast pollutant concentrations (similar to 
weather forecasts).
• Air quaiity monitoring data:
0 At present, the data, which is available from the UK National Air
Quaiity information Archive, is used independently to verify 
dispersion modelling results. Therefore, the verification process 
may be automated and any adjustment factors be applied directly 
to the results.
• Air quaiity standards and guidelines:
0 Different air quaiity guidelines, such as those available in the UK
Air Quality Standards, the European Community Limit Values and 
the World Health Organisation Guidelines, may be incorporated to 
the system. Therefore, air quaiity predictions may be directly 
compared any of these targets.
• Population density data:
0 These data may be used to determine the likelihood of population
exposure to atmospheric pollutants. Therefore, the system can 
also be applied to investigations into health-related problems 
arising from poor air quaiity.
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7.2.2 Intelligent selection of dispersion modei
Alternative types of models can be made available to IMPAQT, i.e. a model that is 
specifically developed to simulate a particular source. For example, three different 
dispersion models could be used for road sources, industrial sources and airport 
emissions respectively. The system could be extended to include an option to 
automatically select the type of dispersion model to be applied. For instance, the 
prediction of pollutant concentration from road sources could automatically invoke 
the dispersion model ADMS-Roads, whilst the treatment of industrial sources could 
invoke ADMS and the prediction of airport-related emissions could initiate EDMS 
(Emissions and Dispersion Modelling System). This would have the potential to 
significantly improve the prediction of air quality, as models that are specifically 
developed to treat a type of source can be applied.
7.2.3 Improvement of data analysis and verification
Numerical modelling results have to be validated. Due to the multi-disciplinary 
nature of air pollution problem, it is unrealistic to generate analytical solutions. In air 
quality predictions, results verification may be achieved by comparing the modelled 
levels with available monitored data. A useful addition to the system would be to 
include a module that automatically carries out standard statistical analysis. These 
could be annual mean, 24-hour mean, running 8-hour mean, percentiles and 
maximum/minimum concentrations.
Methodologies generally adopted to verify the predicted results might also be 
integrated into the system to increase its efficiency. For example, algorithms that 
compare the modelled concentrations with the integrated monitoring data might be 
used to gauge the performance of the model. Standard analysis, such as 
calculating the fraction of data within a factor of 2, correlation, normalised mean 
squared error, bias and fractional bias could be included in the module. In addition, 
automatic generation of important graphs from this resulting data analysis could be 
considered as a new feature.
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In addition, IMPAQT could be used to further investigate the importance of various 
modelling parameters. These could include:
• The effects of modelling road emissions as aggregated grid sources
instead of discrete line sources;
• The performance of different chemistry schemes on predicting road
emissions;
• The applicability of one national set of emission factors at a local level;
• The applicability of the correction factor, Cf, proposed for the screening
assessment to other locations.
7.2.4 Improvement to exposure algorithms
The current development of the system includes an algorithm to account for public 
exposure to different pollutants. The current method of identifying areas with likely 
exceedances could be extended. Population data, such as population density and 
age groups distribution, could be included to determine the extent of likely exposure 
level. The algorithms could be further refined to include other exposure equations 
(Ching, et al., 2001 ; Moschandreas, et al., 2002).
7.2.5 Further application of integrated system to case studies
There are many more case studies and scenarios, which could be fully investigated 
using IMPAQT. For example, IMPAQT could be used to investigate contrasting 
locations and time frames. This could include rural areas, market towns and major 
urban conurbations. Case studies and “what-if’ scenarios to investigate short-term 
and long-term pollution concentrations could be conducted and the results 
compared with available monitored data.
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7.2.6 Additional ’ scenarios
The current decision support tool has the potential to include more “what-if' 
scenarios. A greater range of pollution reduction schemes and potential urban 
development plans may be included, to supplement the existing traffic management 
schemes. Some proposed scenarios are congestion charging in busy urban areas, 
park and ride schemes, renewable energy strategies, urban regeneration and airport 
expansion plans.
7.2.7 Link to transport modei
At present, the integrated system does not include a dynamic link to the “actuaf' 
transport model. Hence, any proposed “what-if’ scenarios that involve traffic 
modifications are not incorporated in the transport model. This means that the 
feasibility of such schemes, in terms of traffic optimisation, is difficult to quantify. It 
would be useful to complete this link back to the transport model (Figure 7.2). This 
would involve access to the transport model (including all its sub-models), which is 
currently not permitted.
Transport
model Traffic mix, flow, speedTraffic scenarios
NEW APPROACH
Graphical User 
Interface (GUI)
Emissions
inventory
Decision
supportExposure
Emission ratesPollutant concentration Dispersion
model
Figure 7.2: Link IMPAQT to transport model
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7.2.8 Dynamic link to pubiic information system
Pollution episodes can be predicted by the system if real-time traffic or 
meteorological data is applied. Therefore, the integrated system could be utilised to 
provide warnings/recommendations on ways to improve short-term local air quality. 
These measures could be transmitted to the population through a website, local 
radio or TV stations. This dissemination of the results would help encourage the 
public to actively participate in the improvement of their local air quality.
Air quality legislation may contribute to the improvement of urban air quality. 
However, without commitment from the public, traffic-related air quality problem will 
always be a major environment issue. It is down to the public to change their travel 
behaviour and to use motor vehicles sensibly. Research may help improve the 
understanding of air quality issues, but it is ultimately down to individual 
responsibility to make use of the results and contribute towards cleaner air for 
everyone.
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A. A ir  Q uality  O bjectives
A.1. Air Quality Regulations 1997 (Statutory Instrument, 
1997)
Pollutant Concentration Measured as Objective year
Benzene 16.25 pg/m^ Running annual mean 2005
1,3-butadiene 2.25 pg/m^ Running annual mean 2005
CO 11.6 mg/m^ Running 8-hour mean 2005
Lead 0.5 pg/m^ Annual mean 2005
NÜ2
286 pg/m^ 1-hour mean 2005
40 pg/m^ Annual mean 2005
PMio 50 pg/m^
Daily maximum 
running 24-hour mean 
(99**^  percentile)
2005
SÜ2 266 pg/m^
15-minute mean 
(99.9*  ^percentile)
2005
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A.2. Air Quality (England) Regulations 2000 (Statutory 
Instrument, 2000)
Pollutant Concentration Measured as Objective year
Benzene 16.25 pg/m^ Running annual mean 2003
1,3-butadiene 2.25 pg/m^ Running annual mean 2003
CO 11.6 m gW Running 8-hour mean 2003
Lead
0.5 pg/m^ Annual mean 2004
0.25 pg/m^ Annual mean 2008
NO2
200 pg/m^
1-hour mean 
(99.8“  ^percentile)
2005
40 pg/m^ Annual mean 2005
PM10
50 pg/m^
24-hour mean 
(90.4'^ percentile)
2004
40 pg/m^ Annual mean 2004
SO2
125 pg/m^
24-hour mean 
(99.2*  ^percentile)
2004
350 pg/m^
1-hour mean 
(99.7*  ^percentile)
2004
266 pg/m^
15-minute mean 
(99.9'^ percentile)
2005
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B. Emission  Properties
B.1. Geometrical properties of road source 
B.1.1 Road link
In IMPAQT, a road source is assumed to be similar to a "V/nk" in a transport model. 
This is characterised as a one-way connection between two junctions (or nodes in a 
transport model).
Figure B.1.1 (a) shows a section in a transport network. Each junction in this 
example is numbered between 1000 to 1007. This road network is simplified in 
Figure B.1.1 (b). Each link that connects two nodes is denoted by a different colour. 
A two-way road consists of two links, one in each direction. In this example, all but 
one road is bi-directional. The only one-way road is connected by nodes 1004 and 
1002. The table in Figure B.1.1 summarised all the nodes and links in this example. 
A-node and B-node are the respective start and end nodes of a link. Thus, a bi­
directional road will have two links, A-node to B-node and B-node to A-node. An 
identification (ID) number is given to each link, to differentiate between them. 
Consequently, a numbering structure combining A-node and B-node is used as the 
Link ID.
In IMPAQT, the Link ID is adopted as the source name. This naming structure 
provides a basic platform associating the transport model with the dispersion model 
calculation. Once a road source has been given a name, its geometry is defined. 
This includes the coordinates of the road vertices, elevation, width and canyon 
height.
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Figure B.1.1 : Definition of road nodes and links
B.1.2 Road vertices
Transport models provide a list of coordinates for all the links in the network. These 
links are spatially represented as straight lines. An example of a link is shown by 
the blue line connecting nodes A and B in Figure B.1.2 (a). However, these may not 
always accurately describe the “shape” of the road. Coordinates of intermediate 
vertices are necessary to account for road curvatures.
In the example depicted in Figure B.1.2 (b), eight sets of coordinates are required to 
define the road source between A and B. The process of locating the coordinates 
for all the links in the transport network is laborious and time-consuming. However, 
once “reshaped”, these coordinates may be reused, as long as there are no 
changes in the road layouts.
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Figure B.1.2: Definition of road vertices
B.1.3 Road elevation
The elevation of a road source is the height of the road above ground level. In 
IMPAQT, all links are assumed to be on ground level except for flyovers. These 
flyovers may be identified from OS maps, as illustrated in Figure B.1.3.
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Figure B.1.3: Example of elevated links
B.1.4 Canyon/road width and canyon height
The definition of canyon/road width and canyon height depends on whether the 
street canyon model is applied to the road source. These definitions are 
summarised in Table B.1.1.
The widths of roads with canyon heights, i.e. the distance between buildings, may 
be obtained from OS maps. The actual widths for roads without canyon heights 
may be estimated from a transport model.
Each road link is given a Class and an Index number. The class refers to the link 
type (motorway, A-road, B-road, etc.), while the index provides information on the 
number of lanes. The road widths may be estimated for different class and index 
numbers, or where appropriate, calculated using the standard lane width. A list of 
standard widths for each road class and index is summarised in Table B.1.2.
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Table B.1.1: Definition of canyon/road width and canyon height
Canyon I Road 
width
Is street canyon 
model used?
Canyon height illustration
Canyon height
Building edge to 
building edge
Height of building, 
3 m per storey
Yes Road width
Actual road 
width, 3.75 m 
per standard 
lane
Road width0 mNo
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Tab le  B.1.2: C lass /Index and road w id th  fro m  CTM
C lass ind ex D esc rip tio n R oad W id th  (m)
1 1 1 lane 3.75
1 2 6 lane 22.5
1 3 2 lane rural 7.5
1 4 2 lane urban 7.5
1 5 3 lane 11.25
1 6 4 lane 15
1 7 5 lane 18.75
2 1 2 lane suburban 7.5
2 2 3 lane suburban 11.25
2 3 Dual 2 lane urban 7.5
2 4 Dual 3 lane urban 11.25
2 5 2 Lane 10 m rural 10
2 6 Dual 2 lane rural 7.5
2 7 Dual 3 lane rural 11.25
3 0 2 lane non-central urban 7.5
3 1 2 lane suburban 7.5
3 2 3 lane suburban 11.25
3 3 Dual 2 lane urban 7.5
3 4 2 lane rural 7.3m 7.3
3 5 2 lane 10m rural 10
3 6 Dual 2 lane rural 7.5
4 0 2 lane non-central urban 7.5
4 1 2 lane suburban 7.5
4 2 3 lane suburban 11.25
4 3 Dual 2 lane urban 7.5
4 4 2 lane rural 7.3m 7.3
4 5 2 lane 10m rural 10
4 6 Dual 2 lane rural 7.5
5 0 2 lane central urban 7.5
5 1 2 lane urban suburban 7.5
5 2 W ide 2 lane urban suburban 7.5
5 3 Dual 2 lane urban suburban 7.5
5 4 2 lane 7.3 rural 7.3
5 5 2 lane 10m rural 10
5 6 2 lane rural poor standard 7.5
6 0 2 lane urban 7.5
6 1 2 lane BCG 7.5
6 2 Dual 2 lane urban suburban 7.5
6 3 2 lane BCG 7.5
6 4 2 lane 7.3m rural 7.3
6 5 2 lane BGG 7.5
6 6 2 lane BGG 7.5
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B.2. Traffic data terminology
Parameter Definition
Link ID ID for the links A-node to B-node and/or B-node to A-node
Pair ID
To determine If a link Is 1-way or 2-way, [(A-node)^ + (B- 
nodef]
Class
Link type (motorway, A-road, B-road, etc.). Links with 
Class = 0 are zone connectors
Index Provide Information on the number of lanes
A-node, B-node Node ID
District District for transport network
LTP area Local Transport Plan area
Length Link length
Link capacity
Maximum vehicle flow along a link. Dependent on 
class/index
12-hr capacity
Maximum vehicle flow along a link In a 12-hour period 
(0700 to 1800 hours)
A-node X, A-node Y, 
B-node X, B-node Y
OS grid reference
07, 08, 09, 16, 17, 18
0700, 0800, 0900, 1600,1700, 1800 hours (modelled 
peak period)
IP 1000 to 1500 hours (Inter-peak period)
12-hr flow (07 to 09) + (16 to 18) + (IP X 6 hrs)
12-hrspeed [(07 to 09) + (16 to 18) + (IP X 6 hrs)] /12
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Traffic-related air pollutants in an urban area February 2004
B.4. DMRB emission factors 
B.4.1 Background
Two DMRB datasets were available for this research. A summary of the speed- 
related emission factors for both datasets is provided in Table B.4.1:
Table B.4.1: Comparison between DMRB 1994 and DMRB 1999
Parameter
DMRB 1994 
(DETR, 1994)
DMRB 1999 
(DETR, 1999)
Speed range
LDV 5 to 120 km/hr 5 to 130 km/hr
HDV 5 to 100 km/hr 5 to 100 km/hr
Scenario years 1995 to 2020 1996 to 2025
Scenario year interval 5 years 1 year
The DMRB 1999 vehicle emission factors were derived with the following 
assumptions (DETR, 1999):
average HDVs and LDVs based on the 1996 fleet composition; 
traffic mix conforms with national average statistics; 
changes in emission standards will affect future traffic emissions; 
did not account for local variations in traffic composition; 
did not account for emissions resulting from local factors such as steep 
hills and cold start;
“diesel car sales will equilibrate at 2 0 % of new car registrations”’, 
catalyst failure rate at 5% per year;
98% of failed catalyst in cars over 3 years old will be rectified;
“vehicie survival rates derived from DETR vehicle licensing statistics on 
new registrations and age distribution"',
annual mileages derived from DETR statistics (based on the National 
Travel Survey);
DETR vehicle model used to estimate growth of new vehicle sale.
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The foliowing equation was used to derive the speed-related emission factor (the 
tables quoted from DMRB 1999 (DETR, 1999)):
Emission factor (g/km)
= 1996 emission factor for LDV @ average speed of 100 km/hr {“Table A2. T)
X Speed correction factor {“Table A1.5 “(LDV) or “Table A1.6” for (HDV))
X Year correction factor {“Table A1.T (LDV) or “Table A1.8" (HDV))
To calculate emission rates from traffic flow:
Emission rates (g/km/s)
Emission factor (g/km)
60 (min)x60(s)
X Traffic flow (veh/hr)
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B.4.2 Comparison between DMRB 1994 and DMRB 1999
NOx
Speed (km/hr)
Figure B.4.1: Scenario year 1995 (DMRB 1994)
o) 60
Speed (km/hr)
Figure B.4.2: Scenario year 1996 (DMRB 1999)
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o) 60
30
0) 20
Speed (km/hr)
Figure B.4.3: Scenario year 2005 (DMRB 1994)
o) 60
Speed (km/hr)
Figure B.4.4: Scenario year 2005 (DMRB 1999)
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Figure B.4.5: Scenario year 1995 (DMRB 1994)
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Figure B.4.6: Scenario year 1996 (DMRB 1999)
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Figure B.4.7: Scenario year 2005 (DMRB 1994)
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Figure B.4.8: Scenario year 2005 (DMRB 1999)
Appendix B B-15
Traffic-related air pollutants in an urban area February 2004
B.4.3 DMRB 1994
Scenario year 1995
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Figure B.4.9: Emission factors for LDV
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Figure B.4.10: Emission factors for HDV
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BAA DMRB 1999
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Figure B.4.11 : Emission factors for LDV
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Figure B.4.12: Emission factors for HDV
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Figure B.4.13: Emission factors for LDV
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Scenario year 2005
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Figure B.4.15: Emission factors for LDV
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Figure B.4.16: Emission factors for HDV
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c. T ools  Description
Three tools were selected for all the studies conducted in this research. They were 
the Surrey County Transportation Model (CTM) for the base year 1995 (GTM95) and 
1998 (CTM98), ADMS-Urban version 1.6 and ArcView GIS version 3.2.
C.1. Surrey County Transportation Model (CTM)
A county transportation model, the Surrey County Transportation Model (CTM), was 
chosen to predict traffic flow and speed within the study area. This strategic multi­
modal transportation model was jointly developed by Scott Wilson Kirkpatrick (SWK) 
and Surrey County Council Engineering Consultancy Division (BCD). The 
transportation model was one of the largest in the UK. It covered south-east 
England, including the county of Surrey and the city of London; and major 
motorways throughout the country. CTM consisted of approximately 773 traffic 
zones, 5200 nodes and more than 15,000 road links (Fanstone, et al., 2000).
CTM was an extensive model that consisted of various components. These 
elements were integrated to account for the effects of mode changes on the traffic 
flow. Some of the major sub-modules in CTM are (BCD, et al., 1996):
• car ownership model, which estimated car ownership from residential, 
income, employment and household gross domestic product (GDP) 
data;
• trip end model, which produced traffic demands (generations and 
attractions) of LDVs for a specific time of day and journey purpose 
(work, education, shopping, etc.);
• matrix capping model, which predicted link speeds and delays from 
traffic flow data, i.e. lower speeds and bigger delays, for higher flows;
• peak spreading model, which estimated changes in peak period profiles 
when travel costs within the transport network were modified;
• modal split model, which divided trips into public and private modes from
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data on car ownerships, public transport fares, fuel costs, etc.;
• distribution model, which used a gravity model (a type of synthetic 
method) to produce trip matrices from changes in travel costs, time of 
day, travel impedance, etc.;
• assignment model, which utilised capacity restraint technique to predict 
flows, capacity, junction delays and travel costs of links within the 
transport network.
The various sub-modules of CTM have the capability to produce many output data 
in text, spreadsheet or GIS formats. However, only specific traffic information as 
spreadsheets and GIS maps were used by IMPACT. These were (ECD, et al., 
1996):
• link IDs, which were used as road source name;
• class and index of the links, which were used to obtain the road widths;
• all vehicle speeds and flows;
• LDVs speeds and flows, where LDVs were defined as cars, motorcycles, 
vans and vehicles under 30 cwt (30 hundredweight or 1524 kg);
• HDVs speeds and flows, where HDVs were defined as vehicles over 30 
cwt (30 hundredweight or 1524 kg).
Flows for seven time periods were modelled. This included peak hours (0800 -  
0900 and 1700 -  1800), shoulder peaks (0700 -  0800, 0900 -  1000, 1600 -  1700, 
1800 -  1900) and inter-peak hours (1000 -  1600). These traffic data were obtained 
for the base year of 1995, with predicted traffic for the years 2006 and 2011 
(Fanstone, et al., 2000).
The prediction for 1995 were calibrated and validated against 415 traffic counts 
within Surrey and a further 185 counts outside the county (Fanstone, et al., 2000). 
These traffic counts for the seven time periods in a neutral day (a typical workday in 
October) were obtained from Surrey County Council (SCC), adjacent counties 
(Berkshire, Buckinghamshire, West Sussex, East Sussex and Kent), various London 
boroughs (Hillingdon, Kingston-upon-Thames, Richmond-upon-Thames, Hounslow, 
Croydon, Merton, Sutton and Bromley), Department of Transport South East
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Regional Traffic Model (SERTM) count and London Area Transport Survey (LATS). 
The validation methodology adopted by CTM was similar to the one used by the 
SATURN (Simulation and Assignment of Traffic to Urban Road Networks) transport 
model, i.e. by using GEH statistic to determine the accuracy of CTM. This technique 
produced a GEH parameter defined by Equation [C.1], where assigned traffic was 
obtained from CTM and observed traffic was obtained from traffic counts (ECD, et 
al., 1996).
In this method, “a GEH parameter of 5 or less wouldlndicate an acceptable fit while 
links with GEH parameters greater than 10 would probably require closer attention”. 
Further treatment of this technique and its application can be found in the SATURN 
9.4 user manual (Van Vliet, et al., 1998). The precise definition of an acceptable 
GEH value is a matter of professional judgement. For the development of a 
strategic model such as CTM,’ higher GEH values may be acceptable. Therefore, 
for CTM, the grading scales shown in Table C.1.1 for the predicted traffic flows were 
adopted (ECD, et al., 1996).
Table 0.1.1: GEH grading scales for CTM (ECD, et al., 1996)
GEH parameter Adopted definition
0 - 4 very good
4 — 8 quite acceptable
8 - 1 2 acceptable
12 -16 might require further attention
> 16 poor
GEH parameters for the transport network, where comparison between observed 
and assigned traffic was possible, were generally acceptable. For the 7 modelled 
time periods, more than 90% of the predicted flows within Surrey had GEH values 
less than 12. As for flows across the county boundaries, only 5% of the links had 
GEH parameters in excess of 12 (ECD, et al., 1996).
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Major road 
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Guildford
Screenline
Western
Screenline,
10 km
Figure C.1.1: Validated links across Guildford screenlines (ECD, et al., 1996)
CTM validation for traffic going in and out of Guildford, were conducted over three 
screenlines (Guildford, Western and Central Surrey), as illustrated in Figure C.1.1. 
The GEH parameters for the Guildford screenline for all modelled time periods were 
acceptable. As for the Western and Central Surrey screenlines, the predicted flows 
were considered to be very good. The results from the CTM validation exercise that 
were relevant to the case studies conducted are summarised in Table C.1.2.
Table 0.1.2: CTM validation for flows In and out of Guildford (ECD, et a!., 1996)
Screenline Number of sites
Average GEH parameter
Inbound Outbound
Guildford 8 3.9 5.7
Western 12 3.3 3.1
Central Surrey 9 2.2 2.1
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Travel behaviours are extremely erratic and are thus, difficult to predict. They are 
dependent on many unforeseeable factors such as road works, accidents, industrial 
actions on public transports, etc. Hence, CTM does not have the capability to 
predict flows that accurately reflects the actual situation on each road within the 
network, for every hour of the year. However, the performance of the model was 
found to be acceptable for transportation planning purposes. This assumption was 
made based on the GEH parameters of the transport network. Consequently, CTM 
was selected because it produced all the necessary information required in the air 
quality assessment process, and its accuracy level was deemed satisfactory for this 
particular study.
C.2. ADMS-Urban
CTM was coupled with ADMS-Urban, a variant of the Atmospheric Dispersion 
Modelling System (ADMS). It has been used by many UK local authorities for the 
LAQM stages. Consequently, ADMS-Urban was selected for the case studies 
conducted in this research. This PC-based commercial dispersion modelling 
package, was developed by the Cambridge Environmental Research Consultants 
(CERC) and the UK Meteorological Office. It is an advanced dispersion model that 
is able to simultaneously predict the dispersion of airborne pollutants for up to 3000 
grid sources, 1000 road sources and 100 industrial sources (CERC, 2001a).
In addition, ADMS-Urban has the capability to obtain pollutant concentrations at 
specific locations and times from a variation of sources (point, line, area and 
volume). The prediction may be made for different meteorological and 
topographical conditions. Hence, this complex model consists of many elements, 
each performing a specific function. Some of the main components of ADMS-Urban 
are (CERC, 2001a):
• Emissions inventory: This inventory is set up in the form of an
Microsoft® Access database. It is directly linked to the main ADMS- 
Urban’s GUI. The database is used to store various emissions-related 
information such as:
0 emission rates for different pollutants and sources, or emission 
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rates for road sources which are pre-processed from traffic flow, 
traffic speed and DMRB emission factors;
0 deposition parameters of gaseous pollutants and particulates 
(deposition velocities, terminal velocities, particle diameters, etc.);
0 characteristics of non-road sources (source type, volume flow 
rates, vertical velocities, etc.);
0 characteristics of road sources (location of roads, canyon widths, 
vehicle counts, etc.).
• Meteorological pre-processor: The module was developed by the UK 
Meteorological Office. This built-in feature calculates boundary layer 
parameters such as near surface temperature, friction velocity, surface 
heat flux, reciprocal of Monin-Obukhov length, boundary layer depth, 
etc. These parameters may be obtained from raw, hourly averaged or 
statistically analysed meteorological data.
• Advanced dispersion model: The module characterised the boundary 
layer structure from its mixing height (i.e. the boundary layer depth) and 
the Monin-Obukhov length. This boundary layer parameterisation is 
used to describe the variation of atmospheric turbulence with height and 
to estimate the various dispersion parameters as functions of source 
height. For stable and neutral conditions, Gaussian diffusion 
formulations are applied to obtain pollutant concentrations. For unstable 
conditions, skewed-Gaussian concentration profiles are used to account 
for the skewed nature of turbulence within the boundary layer.
• Street canyon model: This is integrated into ADMS-Urban and is based 
on the Operational Street Pollution Model (OSPM). It was developed by 
the Danish National Environmental Research Institute (NERI). The 
model predicts concentrations at receptors that lie on roads bordered by 
buildings (assumed to be flat-roofed), with heights exceeding 2 m. 
OSPM accounts for vehicle-induced turbulence, but not effects such as 
junctions. Further treatment and validation of OSPM is available in 
Hertel, et al., 1989 and Hertel, et al., 1990.
• Chemistry module: This module is used to account for the atmospheric 
chemical reactions between NO, NO2 , O3, and VOCs. Three schemes 
were incorporated in ADMS-Urban. They are:
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0 Derwent-Middleton correlation, which defines the ratio of NO2 to
NOx in the atmosphere, through an empirical function (Derwent, et 
al., 1996).
0 Generic Reaction Scheme (GRS), a semi-empirical photochemical
model developed by the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) in Australia. It simplifies complex 
chemical processes between NO, NO2 , O3 and VOCs to only 
seven reactions (Venkatram, et al., 1994).
0 GRS-Box Model, which are used when the modelling zone is large,
or when background data is obtained from a monitoring site 
located at a considerable distance away from the study area 
(Singles, et al., 1998).
• Complex terrain module: This module accounts for flow and dispersion 
over complex terrain. It can be applied in cases where hill slopes are 
greater than 1 in 1 0 , or when there are large surface roughness 
changes. A drawback of this module is that the ADMS-Urban runtime 
increase significantly when it is invoked.
• Building effects module: The module was created to simulate dispersion 
of pollution from a single, closely-spaced group of sources near large 
buildings. It uses the concentration profiles from ADMS-Urban, with 
modification in the calculated plume height and spread. Hence, 
recirculation region behind a building can be taken into account (Robins, 
et al., 1997).
Numerical results from the ADMS-Urban simulations are produced as comma 
separated data files, which may be opened using a spreadsheet or text editor. In 
addition, the results can also be represented spatially as contour plots of pollutant 
concentrations. These may be viewed using ArcView GIS or Surfer. The dispersion 
model is able to calculate both short-term (15 minute, 1 hour, etc.) and long-term 
(monthly, annual, etc.) averages for the pollutant concentrations (CERC, 2001a).
ADMS family of dispersion models have been extensively investigated and validated 
within the scientific community. Results from various simulations have been 
compared with standard field, laboratory and numerical datasets. They have also
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been validated against automatic monitoring data in many cities within the UK 
(CERC, 2001a). A list of papers related to the technical specifications and validation 
of ADMS may be obtained from the CERC’s website (CERC, 2003). The following 
items summarised important published work conducted using ADMS-Urban and the 
major findings from these studies:
• Edmunds, et al., 1997: This report to the London Borough of Croydon 
was prepared for the first stage of LAQM. The work was conducted by 
CERC and the Atmospheric Research and Information Centre (ARIC). It 
concluded that:
0 “Agreement between model predictions and monitored data were
‘generaiiy good" for NOx predictions.
0 In the summer, predicted short-term NO2 concentrations “showed
reasonable agreement with measured values". However, it 
underestimated concentrations in October -  December, except in 
the higher percentiles, where the levels were overestimated.
• Veal, et al., 1997: This report was written to document the results from a 
local air quality study sponsored by the Department of Environment 
(DoE) conducted in 1996/97. As part of this study, the West Midlands 
Joint Working Group compared the performance of two advanced 
dispersion models, ADMS-Urban and Indie Airviro. In addition, the 
predicted concentrations in the West Midlands area were compared with 
measured values at seven automatic monitoring stations. Some of the 
main conclusions made about ADMS-Urban were:
0 The model tends to underestimate short-term N Ox concentrations 
during most winter periods, especially for lower values of 
measured concentrations. Similarly, for the summer periods, it 
“consistently underestimated NOx concentrations".
0 For short-term concentrations, the model “appears to follow the 
general pattern of measured hourly values". However, when there 
was an overestimation, ADMS-Urban did “so excessively.
• Carruthers, et al., 1999: This paper presented the results for NO2 
(annual mean and hourly maximum) and PM10 (annual mean and 99^ 
percentile of 24-hour rolling mean) predictions for the cities of
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Birmingham and London. These results were compared to automatic 
monitoring data at 2 sites in Birmingham and 12 sites in London. The 
predicted levels showed that:
0 “ The model performs well for mean values”.
0 The model has some inclination to overestimate maximum NO2
levels in London.
0 In London, the Derwent-Middleton correlation and GRS were used
as the chemistry schemes. All NO2 predictions were 
underestimated when the Derwent-Middleton correlation was used. 
In contrast, almost all the predictions made with GRS 
overestimated the NO2 levels.
• Owen, et al., 1999: This paper described the application of an urban 
emissions inventory and ADMS-Urban to predict NOx and SO2 
concentrations in London. The predicted results were compared to 
levels from four automatic monitoring unit. The main conclusions which 
were related to NOx were:
0 The predictions for mean and percentiles values for May -  July 
(summer period) “showed a reasonable agreement with monitored 
data.
0 For October -  December (winter period), the prediction were 
“substantially lowet than monitored values. This was attributed to 
“the lack of seasonal variation in the emissions inventory 
database" and “the colder more stable conditions experienced 
during the winter period, which may not be accurately represented 
by the modet.
• Carruthers, et al., 2000: This paper described the use and validation of 
ADMS-Urban in London, Neath/Port Talbot/Swansea and Belfast. The 
investigation found that:
0 “In London, the NOx concentrations are dominated by traffic 
emissions". The predicted concentrations “generally showed good 
agreement with measured values". Predicted summer NO2 
concentrations “showed good agreement. However, the levels 
were underestimated in winter, except for high percentiles, where 
there were over-prediction. The winter underestimation tended to
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occur at night.
0 In Neath/Port Talbot/Swansea, NOx concentrations were also 
mainly attributed to traffic emissions. The predictions were 
“generally good' except when there were low wind speed. It was 
also found that “the predicted levels were less sensitive to whether 
the effect of complex terrain was modelled'. This was attributed to 
the fact that traffic, which was the main cause of pollution, was 
“low lever sources. “PMw and benzene were both significantly 
underestimated'. The under-prediction was “due to the emissions 
not being well defined, or due to significant sources not being 
Included'.
0 In Belfast, PMio were similarly underestimated. “The cause of the
under-predlctlon was not identified in the stud/.
0 Based on the investigations carried out in the three areas, it was
concluded that the “quality of the emissions inventory was a critical 
factof'. It was also decided that local meteorological data, 
especially wind direction, should be used. Low wind speeds may 
cause overestimation in the prediction of traffic-related pollutants. 
Furthermore, the modelling is also “sensitive to the minimum value 
of wind speed used'.
• Owen, et al., 2000: This paper described the application of an urban
emissions inventory and ADMS-Urban, to predict concentrations of NOx
and NO2 in London. The results showed that:
0 There was “good agreement' between predicted and monitored
data.
0 In the May -  July (summer period), the model tended to
overestimate NOx levels. In contrast, in October -  December 
(winter period), there were underestimated levels.
0 There was “little variation" between the predicted values of
summer and winter periods. However, the monitored data showed 
“a marked Increase in the winter values of NOx when compared to 
the summer values". These were attributed to seasonal variation 
not accounted for in the emissions inventory and the “colder more 
stable conditions experienced during the winter period'.
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0 Predicted NO2 levels followed the trends of NOx, i.e. 
underestimation during winter period.
• Spelthorne Borough Council, 2001: This report to the Borough of
Spelthorne in Surrey County, was prepared for the second and third 
stages of LAQM. The modelling work was conducted by CERC. 
Conclusions which were related to the validation of ADMS-Urban are as 
follows:
0 The “overall modelling accuracy" were in the order of “± 20%".
This was in comparison with “± 12%" for “similar study conducted’ 
for London Boroughs of Hounslow and Hillingdon.
0 The factors which affected the accuracy of predictions made were
attributed to the performance of ADMS-Urban (was assumed to be 
“as accurate as any other model in the market’), the type of results 
required (short-term predictions were subjected to greater error), 
the quality of input data and the quality of monitoring data {“more 
monitoring sites over more years allowed greater comparison").
From the various validation studies conducted, it was shown that ADMS-Urban 
generally performed well. This was particularly true for summer period predictions, 
where the predicted levels were in good agreement with monitored data. However, 
the model did tend to underestimate winter period concentrations. This under­
prediction was attributed to seasonal variation that was not reflected in the 
emissions data. In addition, further investigations were needed to determine 
whether the model is able to provide good predictions for stable conditions, which 
has higher frequency of occurrence in winter periods. ADMS-Urban also performed 
better when mean levels were produced from short-term concentrations. Therefore, 
ADMS-Urban was selected for all the case studies in this research, as it is the best 
available model for air quality assessments in the UK.
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C.3. ArcView GIS
The GIS chosen for the case studies in this thesis was ArcView GIS, a sophisticated 
data visualisation, query and map creation software. It can be applied to depict 
traffic volume on CTM’s network, produce spatial representation of pollution levels 
predicted by ADMS-Urban and adapted to account for public exposure to pollutants. 
This desktop version of GIS was developed by the Environmental Systems 
Research Institute (ESRI). It has tools that enable geographical visualisation of 
maps, database tables, charts and graphics. Included in the software package is a 
GUI that can be used to display results of queries and analysis performed on the 
database (ESRI, 2001a).
The various features of ArcView GIS are incorporated in the main program through 
extensions. These extensions allow customisations, documents or objects to be 
shared independently among different projects. Hence, extensions may be 
considered as modules that perform particular functions. They may be specifically 
written for use with ArcView GIS, such as the ADMS emissions inventory and 
ADMS-Urban extensions, or are available as standard features of the GIS package. 
Some of these standard extension products are (ESRI, 2001a):
• ArcView Spatial Analyst: This extension is used to create, view, query
and analyse raster or vector data. It can be applied to carry out among 
others, display of grid features, spatial analysis, create buffer distance 
and proximity surfaces, perform contouring and density mapping, slope 
and aspect mapping, and queries on multiple grid themes.
• ArcView 3D Analyst: Surface data can be created, analysed and 
displayed with this extension. It is capable of viewing triangulated 
irregular network (TIN) data model, 3-dimensional shapes (surfaces and 
volumes) and perspective viewing.
• ArcView Network Analyst: This extension is applied to solve network- 
based problems. These include locating the best travel or least-cost 
route in a transport network, shortest path between two points, etc.
• ArcView Image Analysis: The extension was co-developed by ERDAS,
Inc., an image-processing software vendor. Remote sensing images
can be displayed, enhanced and analysed using this extension.
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• ArcView Report Writer: Integrated with the Seagate Crystal Reports, 
this extension is able to efficiently generate reports.
The results from ADMS-Urban may be visually represented in ArcView GIS. These 
maps of pollutant concentrations are stored in ArcView project files. A project file 
does not contain any actual data. It consists of references to the location of data 
used, such as maps, images and tables. To ease management of these references, 
a GIS project may be divided into views, tables, charts, layouts and scripts. 
Geographic data are assembled and visualised in a view. Tables consist of 
references to tabular data or records used by the project, while charts contain the 
visualisation component of these data. All the views, tables and charts may be 
arranged as different layouts within the project. These layouts, which are ready for 
on-screen presentation or printing, are dynamically linked to the other elements in 
the project. Hence, any changes to either of these components will automatically 
update the referenced data contained in the layout. Finally, the scripts contain 
macros written in Avenue, the programming language and development 
environment of ArcView. Scripts may be used to customise the GUI of ArcView, 
automate task, develop new extensions, or create custom GIS models (ESRI, 
2001a).
ArcView GIS has been used in many air quality studies, both as a visualisation 
and/or as an analysis tool. In IMPAQT, the GIS will be used to perform both 
functions.
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D. Validatio n  F iles
D.1. Interface Module I: Tool selector
The testing of Interface Module I was carried out to ensure that the tools selected 
were passed on to the rest of the system and that these settings were saved into a 
configuration file. The module was validated through a series of compilation and 
runtime checks. A sample of this configuration file is shown in Figure D.1.1.
^  co n fig .tx t -  N o te p a d
File Edit Format Help
-  n X
Phase 1
Phase 1
Phase 1
Phase 1
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 3
Phase 4
Phase 5
Phase 5
CTM_98
ADMSURB_16
ADMSURB_16
ArcView_32
D:\C om pu ting \P rogram m i ng \V B \T  r a f f i  c \
D :\Comput i  ng\P rog rammi ng \V B \T  r a f f 1c \
D : \Compu t i  ng\P rog raiTimi ng\V B \T  r a f  f  i  c \
D:\C om pu ti ng\P rog ram m ing \V B \T  r a f f i  c \
D:\C om pu ti ng\P rog rammi ng\V B \T r a f f i  c \
D;\C om pu ti ng\Program m i ng \V B \T  r a f f i  c \
D:\C om pu ti ng\P rog ra m m in g \V B \T ra ffi c \
D;\Comp u tin g X P ro g  rammin g\V B \T  r a f f i c X  
D:\C om pu ti ng\P rogram m ing\V B \T  r a f f i  c \
D : \C om puti ng\P rog rammi ng\VB \Backg round'' 
D : \Comp u t  i  n g \P  r  og ramm i n g '\VB \B  ack ground'' 
D : \Comp u t  i  n g \P  r  og ramm i n g '\VB\B ack g round'' 
D : '\Computi ng'\P rog rammi ng'\VB\Backg round'' 
D ;\Comp u t  i  n g\P  rog ramm i n g\VB \B  ack g round ' 
D ; '\Compu t i  ng\P rog rammi ng'vVB\Backg round'' 
D : \Compu t i  ng'\P rog rammi ng'\VB\
D:\Comp u t  i  n g\P  rog ramm i n g\VB\Me t \
D ; \Comp U tingX P rog ramm i n g XVB '\Me t  X 
D e ta ile d
D : 'vComputi ng'\P rog rammi ng'W B'vDetectorX 
D : '\Computi ng'\P rog rammi ng'W BXScenari o'\
D : '\Comp u t  i  n g XP rog ramm i n g '\VB '\S ta ts  X
IR o a d .x ls
1 9 9 5 -A H V e h ic le .x ls  
1995-H G V s.xls 
R d H e ig h t.x ls  
R d W id th .x ls  
RdCanyon. x ls  
R d v e r t ic e s .x ls  
ro a d s . x ls  
t a b l e l . t x t  
I G r id . x ls  
g r id s . x ls
G u i1d fo rd -C O -1 9 9 5 . t x t  
G u ild fo rd -N O x -1 9 9 6 . tx t  
G u i1d fo rd -P M -1 9 9 6 . t x t  
G u ild fo rd -V O C -1 9 9 5 .tx t  
in v e n try .m d b  
IM e t .x ls
h e a th ro w l9 9 5 . s y n o p .h w x .tx t
d e te c to r .a p r  
IS c e n a r io .x ls  
I S t a t i s t i c a l . x ls
Figure D.1.1: Configuration file
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D.2. Interface Module lia: Traffic data extractor
Interface Module lia was tested through the generation of a formatted traffic data 
file. In this case, the filter for CTM95 was used to generate a file that may be 
directly transferred to the ADMS emissions inventory and hence, be directly used by 
ADMS-Urban and ArcView GIS. Samples of these traffic files are shown in Figure 
D.2.1 and Figure D.2.2.
Interface Module Ha was validated by comparing the file generated by IMPAQT with 
one generated manually. This was to ensure that the formulae used were correct. 
Additionally, the traffic data were also transferred to the ADMS emissions inventory 
and displayed using ArcView GIS, to check for data format compatibility and 
integrity. Examples of the traffic database and its related GIS map for Surrey are 
presented in Figure D.2.3 and Figure D.2.4 respectively.
H I A .
I s ]  Ek Edt View Insert Format I'X te  Qata Window Help Acrobat
D a a y  *   ^ - #  z  A  a m Q rlAnai v l O v  B
A1 = Class
A 1 B C D E F G H 1 J K L T1
1 Class [index A Node B Node Link ID Pair ID Dist Time Time Class/IndeCapacity Ail 07 Spo'/ j
2 6 1 803 2871 8032871 8887450 101 T 14 61 930
3 6 4 805 894 8050894 1447261 211 T 21 64 1200 60.3
4 6 4 805 2006 8052006 4672061 35 T 4 64 1200 52.5
5 4 5 820 910 8200910 1500500 71 T 6 45 1350 71.0
6 2 0 820 3830 8203830 15341300 35 T 4 20 5400 52.5
7 2 0 820 3831 8203831 15348961 24 T 4 20 5400 36.0
3 2 6 825 902 8250902 1494229 140 T 9 26 3600 93.3
9 2 6 825 903 8250903 1496034 33 T 2 26 3600 99.0
10 6 4 825 2005 8252005 4700650 100 T 10 64 1200 60.0
11 6 4 825 2006 8252006 4704661 69 T 7 64 1200 59.1
12 6 4 825 2323 8252323 6076954 120 T 12 64 1200 60.0
13 4 1 826 990 8260990 1662376 53 T 6 41 1490 53.0
14 4 1 826 991 8260991 1664357 68 T 8 41 1490 51.0
15 5 4 828 840 8280840 1391184 184 T 18 54 1240 61.3
16 5 4 828 3794 8283794 15080020 215 T 21 54 1240 61.4
17 5 4 840 828 8400828 1391184 184 T 18 54 1240 61.3
18 4 4 840 841 8400841 1412881 60 T 6 44 1350 60.0
19 4 4 840 2004 8402004 4721616 58 T 5 44 1350 69.6 —
20 4 4 841 840 8410840 1412881 60 T 6 44 1350
21 4 4 841 842 8410842 1416245 45 T 4 44 1350
22 4 4 841 2806 8412806 8580917 153 T 14 44 1350
23 4 4 842 841 8420841 1416245 45 T 4 44 1350
24 4 4 842 3845 8423845 15492989 69 T 6 44 1350
25 3 1 843 2249 8432249 5768650 100 T 12 31 1570
jT j 1 ► ►!% Unks \A llV e h ic le / HGVSLGV /  Roa()%ght / Roa<dWdm^ Canyon/  Vert!:es \ i \ * B N N M
___
WÊÊÊÊMr
Ready /
Figure D.2.1: Traffic data workbook
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E3 Mkrosofl Excel - RoddTeitiplalej?ls
) [ ^  Edt Mew Insert Format Xoct Data Wlnd.ow F*< Amobat
) Di ^s y * % w. ,.  % z A Êi am
I A2 ▼! = I Source_name
10 [1b " D =  =  â "I
A H
1 i Traffic data is entered in this tabie. You do not need to enter data in tftis table if you are specifying emission rates explicitly via ti |
2 1 Source. name lvehicle_category Average_speed Vehicle_count
3 ; 8032871 heavy duty vehicle 45 6
4 ' 8032871 light duty vehicle 45 107
5 I 8050894 heavy duty vehicle 60 7
6 : 8050894 light duty vehicle 60 31
7  1 8052006 heavy duty vehicle 50 4
8 8052006 light duty vehicle 50 23
9 8200910 heavy duty vehicle 65 26
10 8200910 light duty vehicle 65 359
11 ! 8203831 heavy duty vehicle 35 42
12 i 8203831 light duty vehicle 35 489
13 ! 8250902 heavy duty vehicle 90 54
14 ; 8250902 light duty vehicle 90 580
15 : 8250903 heavy duty vehicle 90 62
16 i 8250903 light duty vehicle 90 790
17 i 8252005 heavy duty vehicle 60 4
18 1 8252005 light duty vehicle 60 97
19 1 8252006 heavy duty vehicle 55 7
20 I 8252006 light duty vehicle 55 31
21 i 8252323 heavy duty vehicle 55 1
22 1 8252323 light duty vehicle 55 127
23 i 8260990 heavy duty vehicle 50 30
24 ; 8260990 light duty vehicle 50 163
25 ; 8260991 heavy duty vehicle 50 36
M 4 y M/R'oad Table /  Source Geometry Table /  Emission Table \TrafflcFlowTa
Ready
:±jr
Figure D.2.2: Traffic data template
iin i 0e B it Mew Insert Format Records Tools Winctjw Help
I M -  W B  i f  "A 'a  Si ©  a   ^ 51
Flow ID (Source nanfielVehicle_categorylAverage.speedjVehicle_count|
► Q 8032871 heavy duty vehicle 45 6'
2 8032871 light duty vehicle 45 107
3 8050894 heavy duty vehicle 60 7
4 8050894 light duty vehicle 60 31
5 8052006 heavy duty vehicle 50 4
6 8052006 light duty vehicle 50 23
7 8200910 heavy duty vehicle 65 26,
8 8200910 light duty vehicle 65 359
9 8203831 heavy duty vehicle 35 42
10 8203831 light duty vehicle 35 489
11 8250902 heavy duty vehicle 90 54
12 8250902 light duty vehicle 90 580
13 8250903 heavy duty vehicle 90 62
14 8250903 light duty vehicle 90 790
15 8252005 heavy duty vehicle 60 4
16 8252005 light duty vehicle 60 97
17 8252006 heavy duty vehicle 55 7
18 8252006 light duty vehicle 55 31
19 8252323 heavy duty vehicle 55 1
20 8252323 light duty vehicle 55 127
21 8260990 heavy duty vehicle 50 30
22 8260990 light duty vehicle 50 163
23 8260991 heavy duty vehicle 50 36
24 8260991 light duty vehicle 50 212
25 8280840 heavy duty vehicle 60 3
26 8280840 light duty vehicle 60 34
Re
07 000070/1
tord; 1 4 II 1 ► 1M !►*! uf 62
luniqUB identifier fbr this traffic flow
Figure D.2.3: Emissions inventory database (road source table)
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ArcView GIS 3.2
File Edit View ]Tieme Analysis Surface graphics Emissions ADMS Wndow Help
[Mifoi m mmmmmm ep m m
¥ Surrey 
□
¥ Emissions Inventory Road Source 
0 - 0.1 
A  0.1-0,226  
/V V  0.226- 0.485 
y C / 0.465- 1.116 
1.116-2.032
Figure D.2.4: Traffic emissions (NOx) in Surrey
A comparison of processing time for the generation of files via IMPAQT and 
manually was conducted. The results showed that the automatic generation of 
traffic data files took approximately 15 minutes for an area the size of Surrey, while 
manually this took at least one full working day. This means, the traffic data pre­
processing time was greatly reduced.
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D.3. Interface Module lib: Total emissions calculator
Similar to Interface Module lia, Interface Module lib was tested through the 
generation of a formatted total emissions data file. In this case, the filter for the 
NAEI database was used to generate a file that may be directly transferred to the 
ADMS emissions inventory. This file can be directly used by ADMS-Urban and 
ArcView GIS. Samples of these total emissions files are presented in Figure D.3.1 
and Figure D.3.2.
Interface Module lib was validated by comparing the file generated by IMPAQT with 
one generated manually. This was to ensure that the formulae used were correct. 
Additionally, the emissions data were also transferred to the ADMS emissions 
inventory and displayed using ArcView GIS, to check for data format compatibility 
and integrity. Examples of the emissions database and its related GIS map are 
presented in Figure D.3.3 and Figure D.3.4.
m asm
|[^  FSe Edit Mew Insert Format IojIs Qata V£r*iy*i belp Aacfet
0 1^  B r- X % z fi. iJ  SI Arial ^ ID B D i A -  1 »
A1 = 1 East
A B C D E F G H 1 J K L
1 1 East North total Road Tran Small Indu C'omestic ijther Sol NCoc_g_m2 Except roe Except roe New roads New total 1 1
2 , 488500 143500 0.421388 0.147668 0 014177 0.083433 0.162453 0 0.273721 8.66E-09 1.292-08 6.972-09 !
3 i 488500 144500 0.379864 0.16962 0.014177 0.083433 0.097288 0 0.210244 6.65E-09 9.93E-09 8.012-09
4 ' 488500 145500 2.75459 2.355745 0.019037 0.112035 0.104509 0 0.398845 1 26E-08 1.88E-08 1.112-07
5 ! 488500 146500 0 815518 0.470442 0.019037 0.112035 0.175006 0 0.345076 1.09E-08 1.632-08 2.222-08
6 1 488500 147500 1.441121 0.862221 0.03277 0.192862 0.282713 0 0.5789 1.83E-08 2.73E-08 4.072-08
7 ' 488500 148500 6.385045 5.837799 0.03277 0.192862 0.242866 0 0.547246 1 73E-08 2.582-08 2.762-07
8 i 488500 149500 26.79722 24.6028 0.150639 0.833374 0.936592 0 2.19442 6.94E-08 1.04E-07 1.162-06
9 1 488500 150500 23.97853 16.02803 0.520467 2.878929 3.992983 0 7.9505 2.51E-07 3.75E-07 7.572-07
10 I 488500 151500 23.37048 13.90642 1.144302 3.325543 4.639273 0 9.46406 2.99E-07 4.47E-07 6.572-07
11 1 488500 152500 9.062202 1.921309 0.690003 2.753638 3.47582 0 7.140893 2.26E-07 3.37E-07 9.072-08
12 1 488500 153500 9.924668 3.535106 0.387538 1.364359 4.329765 0 6.389562 2 02E-07 3.022-07 1.672-07
13 i 488500 154500 23.80111 16.17666 0.628698 1.964314 4.771483 0 7.62445 2.41E-07 3.6E-07 7.642-07
14 ! 488500 155500 14 84576 8.659563 0.621014 2.156381 3.171741 0 6.186197 1.96E-07 2.92E-07 4.092-07
15 ! 488500 156500 24.40719 15.17793 0.546898 2.480405 5.66989 0 9.22926 2.92E-07 4.36E-07 7.172-07
16 488500 157500 23.34648 16.67871 0.592718 2.143637 3.399088 0 6.66777 2.11E-07 3.152-07 7.882-07
17 ' 488500 158500 43.35708 27.85865 1.112048 5.511855 7.596682 0 15.49843 4.9E-07 7.322-07 1.322-06
18 1 489500 143500 0.31702 0.10289 0.014177 0.083433 0.106116 0 0.21413 6.77E-09 1.0 IE-08 4.862-09
19 ! 489500 144500 1.154884 0.914422 0.014177 0.083433 0.078162 0 0.240462 7.6E-09 1.142-08 4.322-08
20 ; 489500 145500 0.873814 0.481528 0.025402 0.149495 0.178864 0 0.392286 1 24E 08 1.852-08 2.272-08
21 i 489500 146500 0.753187 0.365499 0.025402 0.149495 0.180397 0 0.387687 1.232-08 1.832-08 1.732-08
22 : 489500 147500 1112951 0.631954 0 03277 0.192862 0.201487 0 0.480997 1.52E-08 2.272-08 2.982-08
23 ! 489500 148500 1.606996 0.980672 0.035482 0.208819 0.303555 0 0.626324 1.98E-08 2.962-08 4.632-08 I
24 : 489500 149500 31.71777 30.99027 0.035482 0.208819 0.412735 0 0.7275 2.3E-08 3.442-08 1.462-06 B
25 1 489500 150500 7.605059 2.970973 0,393316 2.175705 1.774097 0 4.634086 1,472-07 2.192-07 1.42-07
yiK NAEI /  Aoorcqatoîtoü ^D ato T 4  ^
Ready
Figure D.3.1: Total emissions workbook
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E  Microsofl Excel -  GritlTeinpldle_NOxj(ls
Fk B it Mew Insert Format Teak Data Window b *  Aaofcat
D 1^  E y  % IS<? o - - #  Z A ÈI to ® ”
A2 -rl = ! Source_name
A D
1 ! Emissions of each pollutant from each source (g/'m2/s for grid sources)
2 Isource name |Pollutant_name Emission_rate
3 ■#488000_143000 NOx 1.99018E-08
4 :#488000_144000 NC'X 1.79407E-08
5 i#488000_145000 Nl 'x 1.30097E-07
6 i#488000_146000 NCoc 3.85162E-08
7 #488000_147000 Nlix 6.8063E-08
8 #488000_148000 N'l'X 3.0156E-07
9 i#488000_149000 NC'X 1.26561E-06
10 #488000_150000 NC'X 1.13249E-06
11 !#488000_151000 N'l'X 1.10377E-06
12 |#488000_152000 N'JX 4.28E-07
13 |#488000_153000 NC'X 4.68734E-07
14 '#488000_154000 N'l'X 1.12411E-06
15 i#488000_155000 NC'X 7.01153E-07
16 i#488000_156000 N'l'X 1.15273E-06
17 #488000_157000 N'l'X 1.10264E-06
18 |#488000_158000 N'l'X 2.04772E-06
19 i#489000_143000 NC'X 1.49726E-08
20 '#489000_144000 NC'X 5.45442E-08
21 #489000_145000 N'l'X 4.12695E-08
22 i#489000_146000 N'l'X 3.55724E-08
23 i#489000_147000 NC'X 5.25638E-08
24 #489000_148000 N'l'X 7.58971E-08
25 i#489000_149000 N'l'X 1.498E-06
N 4 y » l\ Source T^te /  Ncn-Rc^d T±je / Sciurce Geometry T i k  \ Emission Table, |< |
Ready
w r
Figure D.3.2: Total emissions template
B  Microsoft Access - [Emission : Table]
Me B it Mew Insert Fermat Reaards loals MAndow bdp
JM ' y â a y % % e, -j», » : % êt li
Source name | Pollutant._nam| Emisslon_rate
► a m w E m c u 9.6369E-08
#488000_1440C 9.75729E-08
#488000_1450C 3.79126E-07
#488000_1460( 1.63539E-07
#488000_1470( 2.94909E-07
#488000_1480( 'CO 6.89617E-07
#488000_1490( 2.6835E-06
#488000_1500( 'CO 3.40948E-06
#488000_1510C 'CO 3.18957E-06
#488000_1520C 'CO 1.39071E-06
#488000_1530C'CO 1.01119E-06
#488000_1540t CO 2.93196E-06
#488000_1550( 'CC' 2.11832E-06
#488000_1560C CO 3.17282E-06
#488000_1570( 'CO 3.15797E-06
#488000_1580C CC' 6.38266E-06
#489000_1430C 'CO 8.74906E-08
#489000_1440C 'CO 1.81341E-07
#489000_1450C 'CO 1.91442E-07
#489000_1460( CO 1.79753E-07
#489000_1470C CO 2.52907E-07
#489000_1480C CC' 1.02918E-06
#489000_1490( CO 2.95903E-06
#489000_1500( 'CO 1.15272E-06
#489000_1510('CO 3 69223E-06
#489000_1520C 'CO 4 73294E-06
.« .^onnoA  <1 c-3Ar O 7COC7CT AC
Record: 14 | 4 | |  1 ► 1 M  |k)K| o f 1472
i l ' o
(Name of source producing this emission
Figure D.3.3: Emissions inventory database (grid source table)
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ArcView GIS 3^
File £dit ^ew  Theme Graphics Emissions Wndow tlelp
ffl m HSU] mmm mmmmmm [lap
o i It i I- f  I s j;g jT i
O Surrey
¥  Surrey
□  _
< / Emissions inventory Grid Source 
0 - 0.000001 
n  0.000001 - 0.000003 
■ I  0.000003- 0.000006 
■ i  0.000006- 0.000015 
H  0.000015- 0.000043
Figure D.3.4: Total emissions (NOx) in Surrey
A comparison of processing time for the generation of files via IMPAQT and 
manually was conducted. The results showed that the automatic generation of 
emissions data files took less than 5 minutes for Surrey and its surrounding area, 
while manually this took at least 3 hours. This means, the total emissions data pre­
processing time was greatly reduced.
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D.4. Interface Module He: Hourly sequential meteorological 
data formatter
Interface Module lie was tested through the generation of a formatted hourly 
sequential meteorological data file. The filter for meteorological data obtained from 
the BADC was used to generate a file that may be used by ADMS-Urban. Samples 
of these files are presented in Figure D.4.1 and Figure D.4.2.
Interface Module He was validated by comparing the file generated by IMPAQT with 
one generated manually. This was to ensure that the formulae used were correct. 
Additionally, the meteorological data were also checked for format compatibility. An 
example of a wind rose from this meteorological data is included in Figure D.4.3. A 
comparison of processing time for the generation of files via IMPAQT and manually 
was conducted. The results showed that the automatic generation of meteorological 
data files took less than 1 minute, while manually this took at least an hour. This 
means, the meteorological data pre-processing time was greatly reduced.
_- ^ " ■ A  -  ” 1  ^ ^
ge Edt View Insert Format Tools Data Woiaw bejp' Acnofcat
| o  a  a a  y  A  % Arial ■r 10 ▼ B  D
A1 = 1 ID
A I  B C D E F i j H 1 J K L T
1 IlD IlDTYPE MET_["j|V YEAR M'jN DAY Hi;)UR DIR SPEED PRST PAS1 PAS2
2 3772 WMO SYN'jP 2 5 0 230 2 -999 -999 -999
3 3772 WM'J SYNvP 1998 2 5 100 260 2 11 0 0
4 3772 WMiJ SYN'jP 2 5 200 260 2 11 0 0
5 3772 WM'J SYN'jP 2 5 300 0 0 11 0 0
6 3772 W M 'j SYN'jP 2 5 400 290 2 41 4 0
7 3772 WM>j SYN'jP 2 5 500 0 0 28 4 1
8 3772 WMCi SYN'jP 1998 2 5 600 0 0 10 4 1
9 3772 WtVt'j SYN'jP 1998 2 5 700 250 2 -999 -999 -999
10 3772 WMC' SYN'jP 2 5 800 230 2 11 2 2
11 3772 W M 'j SYN'jP 2 5 900 270 2 -999 -999 -999
12 3772 WM'J SYN'jP 2 5 1000 240 2 -999 -999 -999
13 3772 WM'J SYN'jP 1998 2 5 1100 210 4 -999 -999 -999
14 3772 W M 'j SYN'jP 1998 2 5 1200 230 6 -999 -999 -999
15 3772 W M 'j SYN'jP 1998 2 5 1300 260 5 -999 -999 -999
16 3772 W M 'j SYN'jP 1998 2 5 1400 250 5 -999 -999 -999
17 3772 W M 'j SYN'jP 1998 2 5 1500 240 5 -999 -999 -999
18 3772 W M 'j SYN'jP 1998 2 5 1600 240 3 -999 -999 -999
19 3772 W M 'j SYN'jP 1998 2 5 1700 240 3 -999 -999 -999
20 3772 W M 'j SYN'jP 2 5 1800 240 2 -999 -999 -999
21 3772 W M 'j SYN'jP 1998 2 5 1900 270 2 -999 -999 -999
22 3772 W M 'j SYN'jP 2 5 2000 230 5 -999 -999 -999
23 3772 W M 'j SYN'jP 1998 2 5 2100 200 4 -999 -999 -999
24 3772 W M 'j SYN'jP 1998 2 5 2200 200 6 -999 -999 -999 jm
25 3772 W M 'j SYN'jP 1998 2 5 2300 210 3 -999 -999 -999 ^
h '^ 4 k M \D a ta  /  MetData I  ADMSFcfmat / hi BÜ
Ready /
Figure D.4.1 : Hourly sequential meteorological data workbook
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«0 1995.rriel - Nülepdü
File Edt Format He^ <
VARIABLES ; ..................................
6
YEAR
TDAY
THOUR
CL
U
PHI
DATA:
1995 1 0 ,1 ,0 .5 2 ,3 3 0
1995 1 1 ,1 ,0 .5 2 ,3 2 0
1995 1 2 ,0 ,0 .0 0 ,3 2 0
1995 1 3 ,1 ,0 .5 2 ,3 1 0
1995 1 4 ,0 ,0 .0 0 ,3 0 0
1995 1 5 ,0 ,0 .0 0 ,3 3 0
1995 1 5 ,0 ,0 .0 0 ,3 1 0
1995 1 7 ,0 ,0 .0 0 ,3 0 0
1995 1 8 ,1 ,0 .5 2 ,2 9 0
9 .2 .1 .0 3 .2 8 0
1 0 .3 .1 .55 .2 80
1995 1
1995 1
1995 1 1 1 ,3 ,1 .55 ,2 80
1995 1 1 2 ,2 ,1 .03 ,2 90
1995 1 13 ,4 ,2 .0 6 ,2 9 0
1995 1 14 ,7 ,3 .6 1 ,2 8 0
1995 1 1 5 ,7 ,3 .61 ,3 00
1995 1 16 ,7 ,3 .6 1 ,3 0 0
1995 1 17 ,7 ,3 .6 1 ,3 4 0
1995 1 18 ,6 ,3 .0 9 ,3 4 0
1995 1 19 ,0 ,0 .0 0 ,3 3 0
1995 1 20 ,0 ,0 .0 0 ,3 3 0
1995 1 21 ,0 ,0 .0 0 ,3 3 0
1995 1 2 2 ,0 ,0 .00 ,3 20
1995 1 2 3 ,0 ,0 .00 ,3 20
1995 2 0 ,0 ,0 .0 0 ,3 3 0
1995 2 1 ,0 ,0 .0 0 ,3 3 0
1995 2 2 ,0 ,0 .0 0 ,3 3 0
1995 2 3 ,0 ,0 .0 0 ,3 3 0
1995 2 4 ,0 ,0 .0 0 ,3 3 0
Figure D.4.2: Hourly sequential meteorological data
190* 180* 170°
0 3 6 ID IB (knots)
Wind speed
0 1.5 3.1 5.1 8.2 (m/s)
Figure D.4.3: Wind rose for London Heathrow 1995
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D.5. Interface Module lid: Statistical meteorological data
formatter
Similar to the other modules in Phase II, Interface Module //d was tested through the 
generation of a formatted statistical meteorological data file. In this case, the filter 
for the R-91 meteorological dataset was used to generate a file compatible with 
ADMS-Urban. A sample of this file is shown in Figure D.5.1. Interface Module lid 
was validated by comparing the file generated by IMPAQT with one generated 
manually. This was to ensure that the dataset selected was correct. Additionally, 
the meteorological data were also checked for format compatibility.
% K91 A-(J.Mt 1 - Notepad
File B it  Fixmat Help'
This f i l e  se ts up the  e q u iv a le n t o f  R91 C ategories A to  C 
boundary la y e rs . As in  R91 (Table 2 - pg 19.):
A: U(10; = 1 m/s and H = 1300 m
2 900
5 850
5 800
3 400
2 100
1 100
VARIABLES;
4
U
H
FTHETAO
PHI
DATA
1 .0 , 1300.0, 240.0, 0.0
1 .0 , 1300.0, 240.0, 10.0
1 .0 , 1300.0, 240.0, 20.0
1 .0 , 1300.0, 240.0, 30.0
1 .0 , 1300.0, 240.0, 40.0
1 .0 , 1300.0, 240.0, 50.0
1 .0 , 1300.0, 240.0, 50.0
1 .0 , 1300.0, 240.0, 70.0
1 .0 , 1300.0, 240.0,
1 .0 , 1300.0, 240.0, 90.0
1 .0 , 1300.0, 240.0, 100.0
1 .0 , 1300.0, 240.0, 110.0
1.0 , 1300.0, 240.0, 120.0
1 .0 , 1300.0, 240.0, 130.0
1 .0 , 1300.0, 240.0, 140.0
1 .0 , 1300.0, 240.0, 150.0
1.0 , 1300.0, 240.0, 160.0
1 .0 , 1300.0, 240.0, 170.0
Figure D.5.1: Statistical meteorological data
A comparison of processing time for the generation of files via IMPAQT and 
manually was conducted. The results showed that the automatic generation of 
meteorological data file took less than 1 minute, while manually this took at least an 
hour. This means, the meteorological data pre-processing time was greatly 
reduced.
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D.6. Interface Module Ilia: Type of run selector
The tests carried out on Interface Module Ilia ensured that the type of run selected 
prompted the user to input the right meteorological data file, i.e. a fiie containing 
either houriy sequential or statistical dataset. The selected dataset, which is pre- 
processed by Interface Modules He or Hd, determined whether a screening or 
detailed assessment was carried out. When a screening assessment was selected, 
the option to analyse and post-process the pollutant concentration fiie produced by 
ADMS-Urban {Interface Module HIb), was presented to the user. The module was 
validated through a series of compilation and runtime checks to ensure that the 
appropriate type of run was selected.
D.7. Interface Module lllb: Statistical calculator
Interface Module HIb was tested through the generation of a pollutant concentration 
fiie post-processed from the ADMS-Urban screening run results. In this case, the R- 
91 meteorological dataset for Guildford was used in the screening run and a 
correction factor for the year 1999 was obtained. A sample of the post-processed 
file is shown in Figure D.7.1.
Interface Module lllb was validated by comparing the file post-processed by 
IMPAQT with one analysed manually. This was to ensure that the right R-91 
dataset was selected for Guildford. Furthermore, it was used to ensure that the 
formulae applied by the “statistical calculator” were correct.
A comparison of processing time for the analyses conducted via IMPAQT and 
manually was conducted. The results showed that the post-processing conducted 
by Interface Module HIb was completed in about 5 minutes, while manually this took 
at least 2 hours. This means the analysis time was greatly reduced.
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B H B H H H H U
■r B  Ü A  . ^ 1 ► T
| I ^  Fk B it View Insert Format Ic«;te Data yVrfk'W htet' Aaofeat
D ^  s  a a  y  ° e Anai ^  10
A 1 “  " = 1 Receptorl
1 A 1 B C D ___ E___ ___ F____ __ H _ J ___ J _K___
1 1 |Receptorll= (499848,149937.2)
2 I
3 IP' categoWind direr Frequency, 'Cone |ug/r 'Done |ug/r 'Done |ug/t Zone |ug/r 'Done |ug/r 'Done |ug/r 'Done |ug/r 'Cone |ug/m'  ^ |PM
4 |A 0 0.000278 2.28E+01 6.33E-03 1.80E+01 5.01 E-03 1.05E+02 2.92E-02 1.08E+00 3.01E-04
5 !a 10 0.000278 2.27E+01 6.30E-03 1.79E+01 4.99E-03 1.05E+02 2.91E-02 1.09E+00 3.03E-04
6 !a 20 0.000278 2.40E+01 6.67E-03 1.89E+01 5.26E-03 1.08E+02 2.99E-02 1.16E+00 3.21 E-04
7 |A 30 0.000278 2.61E+01 7.25E-03 2.05E+01 5.68E-03 1.13E+02 3.13E-02 1 25E+00 3.48E-04
8 A 40 0.000278 2.72E+01 7.56E-03 2.13E+01 5.90E-03 1.15E+02 3 19E-02 1.29E+00 3.60E-04
9 A 50 0.000278 2.69E+01 7.47E-03 2.10E+01 5.84E-03 1 14E+02 3.16E-02 1.27E+00 3.53E-04
10 lA 60 0.000278 2.52E+01 7.00E-03 1.98E+01 5.50E-03 1.10E+02 3.05E-02 1.20E+00 3.33E-04
11 |A 70 0.000278 2.29E+01 6.36E-03 1.81E+01 5.03E-03 1 05E+02 2,91 E-02 1.12E+00 3.10E-04
1 2 ^ 80 0.000278 2.13E+01 5.93E-03 1.69E+01 4.71E-03 1 02E+02 2.84E-Ü2 1.Û7E+00 2.98E-04
13 |A 90 0.000278 2.05E+01 5.70E-03 1.63E+01 4.54E-03 1.01E+02 2.80E-02 1.05E+00 2.91 E-04
14 -A 100 0.000278 2.05E+01 5.69E-03 1.63E+01 4.53E-03 9.95E+01 2.76E-02 1.05E+00 2.92E-04
15 A 110 0.000278 2.10E+01 5.82E-03 1.67E+01 4.63E-03 9.92E+01 2.75E-02 1.07E+00 2.96E-04
16 iA 120 0.000278 2.19E+01 6.08E-03 1.74E+01 4.82E-03 1.01E+02 2.81E-02 1.10E+00 3.06E-04
17 |a 130 0.000278 2.31E+01 6.41 E-03 1.82E+01 5.07E-03 1.04E+02 2.89E-02 1.15E+00 3.20E-04
18 Ia 140 0 000278 2.46E+01 6.83E-03 1.94E+01 5.38E-03 1.08E+02 3.00E-02 1.22E+00 3.38E-04
19 IA 150 0.000278 2.61E+01 7 26E-03 2 05E+01 5.69E-03 1.12E+02 3.1 IE-02 1.28E+00 3.57E-04
20 ;A 160 0.000278 2.67E+01 7.42E-03 2.09E+01 5.80E-03 1.13E+02 3.14E-02 1.31E+00 3.63E-04
21 |A 170 0.000278 2.68E+01 7.45E-03 2.10E+01 5.83E-03 1.14E+02 3.16E-02 1.31E+Û0 3.64E-04
2 2 ^ 180 0.000278 2.85E+01 7.92E-03 2.22E+01 6.16E-03 1.18E+02 3.29E-02 1.39E+00 3.86E-04
23 IA 190 0.000278 3.14E+01 8.71E-03 2.41E+01 6.70E-03 1.25E+02 3.47E-02 1.52E+00 4.23E-04
24 iA 200 0.000278 3.21E+01 8.92E-03 2.46E+01 6.84E-03 1.25E+02 3.49E-02 1.55E+00 4.32E-04
25 IA 210 0.000278 3.17E+01 8.81E-03 2.44E+01 6.77E-03 1.24E+02 3.44E-02 1.53E+00 4.24E-04
►l \  Concentration /  Frequency \ R e c e p t o r l  /  Receptor2 /  Re-cector: /  Retep'ta[ I T F L Z l m>\r
Ready /
Figure D.7.1 : “Statistical caicuiatof” workbook
Another validation study for the module was to compare the annual mean 
concentration calculated by Interface Module lllb with monitoring data and detailed 
modelling results. This test was conducted to check that the annual mean 
concentration and the correction factor obtained could be applied to other screening 
assessments, such as to test traffic scenarios. Results from this comparison study 
are presented in Table D.7.1.
The NO2 screening results were within 20% of the detailed modelling results. An 
observation from this validation study was that the screening results tend to be lower 
than the NO2 concentrations predicted from the detailed modelling run. These 
results suggest that if a detailed calculation was used with confidence, then the 
screening results could be used as an indicative tool for Guildford town centre (with 
an approximate uncertainty of +20%). Further studies should be conducted in a 
different region to determine if this uncertainty value may be applied to a different 
area.
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Table D.7.1: Comparison between monitored and modelled data
NO2 (pg/m^)
Automatic 
monitoring site
S ite l Site 2 S ites
Monitored 34.28 56.27 36.96 22.06
Modelled (detailed) 55.89 62.00 51.26 57.08
Modelled 
(screening, before 
correction)
46.34 51.44 47.15 48.04
Modelled 
(screening, after 
correction)
34.28 38.07 34.89 35.55
The correction factor, Cf, (from Equation 4.24, page 88) for this validation study was 
-0.26 (an overprediction when compared to the monitored data). Once applied, the 
NO2 concentration at Site 2 improved to within 2 pg/m^ of the monitored level. The 
NO2 concentration at Site 3 was also improved when the correction factor was 
applied, in contrast, the correction factor did not improve the screening results at 
Site 1.
It should be noted that only one automatic monitoring site was available for this 
validation study. In addition, there was only 52% data capture for NO2 levels at this 
site. Further investigations should be conducted to include more automatic 
monitoring sites and to determine the applicability of this correction factor to different 
type of sites (kerbside, background). At present, the correction factor may be used 
to improve the prediction of screening results. However, it should be used with 
caution and for screening assessments only.
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D.8. Interface Module IV: Exposure detector
This module was tested through the generation of a pollution map illustrating the 
pollutant concentration over a study area (Figure D.8.1), the locations considered to 
have relevant population exposure (Figure D.8.2), and the roads considered in the 
dispersion modelling (Figure D.8.3). Road links located within the exposure areas 
and 5, 10, 15 and 20 km outside the exposure areas respectively, were generated 
as GIS files (Figure D.8.4). In the test, the pollutant concentration was generated by 
ADMS-Urban, while the pollution map and road iinks files were generated by 
ArcView GIS.
Interface Module /Vwas validated by comparing the file generated by IMPAQT with 
one generated manually. This was to ensure that the pollution maps and road links 
produced were identical. Additionally, a visual inspection was conducted to ensure 
that the areas with pollutant exceedances and buildings were identical to the 
exposed areas identified by IMPAQT.
ArcView GIS 3.2
Eile Edit View Theme Analysis Surface Graphics Window Help
m asm mmmmmF] a m
Pollution Map
Scale 116465? t
E:<posed road links 
_l ADMS Roads
A/'
Exposure
□
. . Building
Av
V  NO2 (ppb)
I I 0.149- 3.974
1---- 1 3.974- 7.798
I---- 1 7.79B- 11.623
I---- 1 11.623- 15.448
I----1 15.448-19.273
[ ~ 1  19.273-23.098 
E 3 ]  23.098 -26.923 
26.923 -30.748 
S m  30.748 - 34.573 
No Data
Figure D.8.1: Pollution map
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File Edit View Ihem e Analysis Surface Graphics \Mndow Help
lolkllr |-b|t&|'5ilf)|^ |f 1 • J 1^1 Scale 1164652
_l E>,posed road links
/■V'
_i ACMS Roads
A /
V  E>q30sure 
□
J  Building
/A'
J  N 02 (ppb)
I----- 1 0 .149- 3.974
I-----13 9 7 4 - 7 799
I-----1 7 .798- 11.823
I-----1 11.623 - 15.448
I 1 1 5 .448 -19 .273
r ~ l  19.273-23.098 
F7P1 23.098 -26.923 
E S  26,923-30.748 
K  30.748 - 34.573 
■ ■  No Data
Figure D.8.2: Areas with likely exposure
File Edit View Theme Analysis Surface Graphics Window JHelp
m  ®  m K M  K S S l  ® I ^ ^ [ M ] [ 1 ] E E I  M M  E  ®
l o i k i k i - b i t & i a i n i ^ i f i i @ M i T l  iMJ Scale 1164652 m m g g r
^ - i g | x i
J  E>qsosed road links
/A'
y  ACMS Roads
/V
J  Exposure 
□
J  Building
/V
J  N 02 (ppb)
I-----1 0 .149- 3.974
I-----1 3 .974- 7.798
r n  7 .798- 11.623
I-----1 11.623- 15.440
I-----1 15.448- 19,273
I-----1 19.273 -23 .098
2 3.0 98 -2 6 .9 23  
Wm 26.923 - 30.748 
a  30.748 - 34.573 
■ ■  No Data
Figure D.8.3: Roads modelled discretely
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ArcView GIS 3.2
Fite Edit View Theme Analvsis Surface Graphics Wndow Help
m a  isbb] iiao b g
Scale 1164,652
^  Exposed road links
A/'
ACMS Roads
,'V
_l E>q:osure 
□
J  Building
N02 (ppb)
□  D.1d9 3.87/1
I--- 1 3.974- 7,793
I--- 1 7.798- 11.623
I--- 1 11.623- 15.443
I--- 1 15.448-19.273
I--- 1 19.273-23.098
FSa 23.098-26.923 
a  26.923 - 30.748 
30.748 - 34.573 
No Data
Pollution Map
Figure D.8.4: Road links located within “hotspots"
A comparison of processing time for the generation of files via IMPAQT and 
manually was conducted. The results showed that the automatic generation of the 
pollution map and the relevant road links took less than 2 minutes, for Guildford 
town centre and its surrounding area, while manually this took at least an hour. This 
means, the time required to identify areas with relevant exposure and to locate the 
road links most likely to influence the air quality within these areas was greatly 
reduced.
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D.9. Interface Module V: Traffic scenario builder
Interface Module V was tested through the generation of a formatted traffic data file. 
In this case, similar to Interface Module Ha, the filter for CTM95 was used to 
generate a file that may be directly transferred to the ADMS emissions inventory and 
hence, be directly used by ADMS-Urban and ArcView GIS. A sample of this traffic 
file is shown in Figure D.9.1. The file generated by the “traffic scenario buildet"' 
consisted of the original traffic data and the new modified flow/speed.
mÊmm
■[^ge Edt View Insat Rirmat Ic«?ls Data Wr>iDW H *' Aactat
|D 1^  8  y  ' /-  #  g  Tj Arial -, 10 -, B n 1 ' A  - "1 1
A ll “■-I = 1 Ave LGV
X Y Z AA AB AC AD AE AF AG AH AI
1 Ave HGV LGV Hour! LGV 07 Fli LGV 08 FIcUGV 09 FItLiGV IP Ficu:GV 16 FkL GV 17FlcDGV 18 FliLGV Fleuri LGV FleuriAve LGV
2 14 211.834 385.5 696.8 556.6 680 1066.7 1143.2 1149.8 111.015 345.8514 T 329
3 20 244.461 483.7 868.6 651.4 780 1171.6 1346 1275.6 128.1137 399.12 b . 380
4 7 69.73167 155.2 321.2 201.8 258.1 283.8 255.2 36.54399 113.8476 Y-- 103
5 5 58.569 160.7 332.4 66.3 136.8 340.1 443.1 346.7 30.69402 95.62286 L-L-' 87
6 14 207.711 725.2 715.8 749.3 708.1 809.1 864.8 789.1 108.8543 339.12 306
7 15 142.4453 550.1 721 592.1 470.3 490.5 565.6 363.7 74.65075 232.5638 210
8 14 207.711 725.2 715.8 749.3 708.1 809.1 864.8 789.1 108.8543 339.12 ■ - 323
9 4 72.107 138.7 198 163.4 234.5 378.2 363.7 441.3 37.78882 117.7257 118
10 24 255.9387 860.4 739.1 771.5 842.4 1107.1 1343.8 1092.5 134.1287 417.859 I ■ 3771
11 6 65.48033 484.4 817.5 129.5 165.9 81 8 155 142.7 34.31601 106.9067 107 :
12 7 18.70633 104.6 206.6 48.5 19.3 10.1 272.8 43.3 9.803352 30.54095 31 i
13 4 13.68267 47.3 383 8.1 13.3 7 33 28.2 7.170619 22.33905 23
14 26 219.6483 586.5 1063.1 690 706.6 779.5 1071.9 982.9 115.1102 358.6095 359
15 0 0 0 0 0 0 0 0 0 0 0 0 =
16 42 299.1637 1550.8 1835.1 1091.6 847 1120.8 1169.9 971.1 156.7815 488.4305 489 ■
17 54 355.04 1141.6 1345 1009.3 1285.7 1286.5 1366.6 1352.8 186.0644 579.6571 551 n
18 62 483.581 2689.8 3141.7 1903.3 1456.3 1419.5 1316.3 1516.5 253.4283 789.52 751 n
19 4 59.094 178.5 366.4 228.3 192 189.7 223.1 194.6 30.96915 96.48 32 n
20 7 18.70633 104.6 206.6 48.5 19.3 10.1 272.8 43.3 9.803352 30.54095 29 ■
21 1 77.259 371.2 389.1 214.9 164 369.2 585.3 397.4 40.48881 126.1371 127 8
22 30 99.82 138 313.8 263.9 330.2 521.1 598.1 461.9 52.31226 162.9714 163 H
23 36 129.311 426.6 931.6 449.5 486.6 362.5 217.7 234.4 67.76749 211.12 190
24 3 20.54267 216.5 92.7 102.8 53.3 58.2 41.3 49.1 10.76571 33.53905 31 1
25 18 99.001 464.6 512 398.9 257.2 428.7 509.3 386.2 51.88305 161.6343 146 *
_ r;r ^M \lW = /S p e e d /Row / FactcfS\ReduceLDV/ Sheetl /Sheet2 / illMMiliiiiliiMw# ___
Ready
Figure D.9.1 : Workbook for traffic scenario
Interface Module V was validated by comparing the file generated by IMPAQT with 
one generated manually. This was to ensure that the formulae used were correct. 
Additionally, the traffic data were also transferred to the ADMS emissions inventory 
and displayed using ArcView GIS, to check for data format compatibility and 
integrity. A comparison of processing time for the generation of files via IMPAQT 
and manually was conducted. The results showed that the automatic generation of 
traffic data files took approximately 5 minutes for an area the size of Guildford town
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centre, while manually this took at least half a day. This means, the traffic data pre­
processing time was greatly reduced.
D.10. Interface Module VI: Report maker
This module was tested through the generation of a report summarising the air 
quality investigation conducted over the study area. The respective outputs from the 
various modules are collated and a listing of the file locations was produced. 
Samples of these files are shown in Figure D.10.1 and Figure D.10.2.
^  dir.txt - Notepad _________________ mmc -lajxl
File Edit Format Help
0 ; \Computi ng\Programmi ng\'v/B\WorkDi r \  
D:\Computing\PrograinmingVVB\WorkDi r\RoadWorkbook. x ls  
D:\Computing\ProgranmningVi/B\WorkDi r\RoadTemplate. x ls  
D:\Com puti ngXProgrammi ng\VB\WorkDi r\Inv_new . mdb 
D:\Com puti ngXProgrammi ngXVBXWorkDi rXGri dWorkbook_NOx.xls 
D: Xcomputi ngXProgrammi ngXVB\WorkDi r \G r i dWorkbook_PM.xls 
D:XComputi ngXProgranmingXVBXWGrkDi rXCridWorkbook_CO.xls 
D:XComputingXPrograjnni ngXVBXWorkDi rXGridWorkbookJVOC.xls 
D : Xcomputi ngXProgrammi ngX'v/BXWorkOi rXCri dTempl ate_iJOx. x l s 
D:Xcomputi ngXProgrammingXVBXWorkDi rXCri dTemplate_PM.xls 
:D:XcomputingXProgrammingXVB\WorkDi rXCri dTemp1ate_CO. x 1s 
o :Xcomputi ngXP rog rammi ngX'VBXworkDi rXcridTemp1ate_VOC.xls 
D:Xcomputi ngXProgramni ngX’ÆXWorkDi rXMetWorkbook. x ls  
D:\Computi ngXProgrammi ngXVBXWorkDi rX1995.met 
D; Xcomputi ngXProgrammi ngX'ÆXWorkDirX g tc95 . upl 
D:XcomputingXProgrammingX’YBXWorkDi rXgtc95.mop 
D: XComp utingXProg ranwi i n g XVB Xwo rkD irX g tc 9 5 . log 
D : Xcomputi ngXProgrammi ngX’i/BXworkDi rXgtc95 . g i t  
D:Xcomputing\PrograimiingXVBXWorkDi rXPol Map. jpg 
D;XcomputingXProgrammingXVBXWorkDirXexposure.apr 
D:XcomputingXProgramm i  ngXVB\Wo rkD i r \e xp o su re . db f 
D: Xcomputi ngXP rog ramningX’VBXworkDirXexposu re . shp 
D:XcomputingXProgrammi ngX'VBXWorkDirXexposure. shx 
D;Xcomputi ngXProgrammi ngX’VBXWorkDi r  \e xp _ o n ly .d b f 
D:Xcomputi ngXProgrammi ngXVBXWorkDi rXexp_only.shp 
D:xcomputingXProgrammingXVBXWorkDir\exp_only.shx
D:XcomputingXProgrammingXVBXWorkDi rX rd _ lin k s 5 . db f 
D : 'vcomputi ngXProgrammi ngX’VBXWorkDi rX rd_ l i nks 5. shp 
D:Xcomputi ngXProg rammi ngXVBXWorkDirXrd_li nks 5 .s hx 
D:XcomputingXProg rammingXVBXWorkDi r \ r d _ l i  n ks lO .d b f 
D ;XcomputingXProgranmingXVBXWorkDi rX rd _ lin ks lO .sh p  
D: Xcomputi ngXProgrammi ngX’VBXWorkDi rX rd_ l i  nks1 0 .shx
ri • \ t-*- A try j-w', I/-1 -iryg-M 4 »o/-f \ \ /D \ 4 1 4 n  c  "1 R H h  f"
Li
Figure D.10.1: Text file listing the location of output files
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SUMMARY.doc - Microsoft Word
I  File B it Yiew Insert Format Iccte Table Windciw Help Acrcbat
ir 75% Normal
STUDY AREA 
Guildford town centre
PERIOD:
1998
AVERAGING PERIOD: 
1-hr, long term
POLLUTANT:N02
TYPE:
Detailed assessment
SCENARIO:
No
OUTPUT: 
Pollution map
RESULTS:
Pollution Map
/ ADMS Roads IB B  Exposure N02 (ppb) ] i r
Page 1 Sec 1 1/4 English (p.S.) Q : /
Figure D.10.2: Summary report
An inspection was conducted to ensure that the correct files were used in the report. 
A comparison of processing time for the generation of files via IMPAQT and 
manually was conducted. The results showed that the automatic generation of the 
report took less than 2 minutes for Guildford town centre and its surrounding area, 
while manually this took at least an hour. This means, the time required to identify 
the appropriate files to use and to extract the relevant information important to an air 
quality investigation was greatly reduced.
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E. Param etric  Studies
E.1. Extent of sources to be included in dispersion 
modelling
E.1.1 Road sources
Table E.1.1: CO (25,000 veh/day, 10% HDV)
Extent (m) Max CO (ug/m^) Normalised CO % bias (max CO)
100 3686.56 1.00 0.00
200 4016.03 1.09 8.94
300 4125.96 1.12 11.92
400 4177.60 1.13 13.32
500 4207.74 1.14 14.14
600 4224.61 1.15 14.59
700 4233.22 1.15 14.83
800 4238.16 1.15 14.96
900 4241.14 1.15 15.04
1000 4242.58 1.15 15.08
1100 4243.37 1.15 15.10
1200 4244.03 1.15 15.12
1300 4244.59 1.15 15.14
1400 4244.91 1.15 15.15
1500 4245.29 1.15 15.16
Table E.1.2: CO (50,000 veh/day, 10% HDV)
Extent (m) Max CO (ug/m^) Normalised CO % bias (max CO)
100 6677.80 1.00 0.00
200 7380.69 1.11 10.53
300 7612.82 1.14 14.00
400 7716.75 1.16 15.56
500 7780.00 1.17 16.51
600 7813.18 1.17 17.00
700 7834.29 1.17 17.32
800 7846.29 1.17 17.50
900 7853.48 1.18 17.61
1000 7857.70 1.18 17.67
1100 7860.88 1.18 17.72
1200 7863.61 1.18 17.76
1300 7866.29 1.18 17.80
1400 7868.62 1.18 17.83
1500 7870.61 1.18 17.86
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Table E.1.3: PM10 (25,000 veh/day, 10% HDV)
Extent (m) Max PM10 (ug/m^) Normalised PM10 % bias (max PM 10)
100 122.11 1.00 0.00
200 133.06 1.09 8.97
300 136.72 1.12 11.96
400 138.43 1.13 13.36
500 139.43 1.14 14.18
600 139.99 1.15 14.64
700 140.28 1.15 14.88
800 140.44 1.15 15.01
900 140.54 1.15 15.09
1000 140.59 1.15 15.14
1100 140.62 1.15 15.16
1200 140.65 1.15 15.18
1300 140.66 1.15 15.19
1400 140.68 1.15 15.20
1500 140.69 1.15 15.21
Table E.1.4: PM10 (50,000 veh/day, 10% HDV)
Extent (m) Max PM10 (ug/m^) Normalised PMio % bias (max PM10)
100 221.21 1.00 0.00
200 244.57 1.11 10.56
300 252.29 1.14 14.05
400 255.74 1.16 15.61
500 257.73 1.17 16.51
600 258.94 1.17 17.05
700 259.64 1.17 17.37
800 260.04 1.18 17.55
900 260.28 1.18 17.66
1000 260.43 1.18 17.73
1100 260.53 1.18 17.77
1200 260.62 1.18 17.81
1300 260.71 1.18 17.85
1400 260.79 1.18 17.89
1500 260.85 1.18 17.92
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Figure E.1.1 : PMio results from parametric study to determine road extent
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E.1.2 Grid sources
Variable emission rates, constant grid depth (30 m)
Table E.1.5: CO (emission rate = 1 g/m^/s)
Extent (km) CO (ug/m^) Normalised CO % Bias CO
0.5 5.29E+06 1.00 O.OOE+00
1.5 1.03E+07 1.94 9.44E+01
2.5 1.35E+07 2.55 1.55E+02
3.5 1.60E+07 3.02 2.02E+02
4.5 1.81E+07 3.43 2.43E+02
5.5 2.01 E+07 3.79 2.79E+02
6.5 2.18E+07 4.12 3.12E+02
7.5 2.34E+07 4.43 3.43E+02
8.5 2.50E+07 4.72 3.72E+02
9.5 2.65E+07 5.00 4.00E+02
10.5 2.79E+07 5.27 4.27E+02
11.5 2.93E+07 5.54 4.54E+02
12.5 3.07E+07 5.80 4.80E+02
13.5 3.20E+07 6.05 5.05E+02
14.5 3.34E+07 6.30 5.30E+02
15.5 3.47E+07 6.55 5.55E+02
Tabie E.1.6: CO (emission rate = 2 g/m^/s)
Extent (Km) CO (u g W ) Normalised CO % Bias CO
0.5 1.06E+07 1.00 O.OOE+00
1.5 2.06E+07 1.94 9.44E+01
2.5 2.70E+07 2.55 1.55E+02
3.5 3.20E+07 3.02 2.02E+02
4.5 3.63E+07 3.43 2.43E+02
5.5 4.01 E+07 3.79 2.79E+02
6.5 4.36E+07 4.12 3.12E+02
7.5 4.69E+07 4.43 3.43E+02
8.5 5.00E+07 4.72 3.72E+02
9.5 5.30E+07 5.00 4.00E+02
10.5 5.58E+07 5.27 4.27E+02
11.5 5.86E+07 5.54 4.54E+02
12.5 6.14E+07 5.80 4.80E+02
13.5 6.41 E+07 6.05 5.05E+02
14.5 6.67E+07 6.30 5.30E+02
15.5 6.93E+07 6.55 5.55E+02
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Constant emission rate (1 q/m^/s). variable grid depth
Table E.1.7: CO (grid depth = 10 m)
Extent (km) CO (ug/m^) Normalised CO % Bias CO
0.5 1.23E+07 1.00 O.OOE+00
1.5 1.91 E+07 1.55 5.49E+01
2.5 2.29E+07 1.86 8.58E+01
3.5 2.58E+07 2.09 1.09E+02
4.5 2.81 E+07 2.28 1.28E+02
5.5 3.02E+07 2.45 1.45E+02
6.5 3.21 E+07 2.60 1.60E+02
7.5 3.38E+07 2.74 1.74E+02
8.5 3.54E+07 2.88 1.88E+02
9.5 3.70E+07 3.00 2.00E+02
10.5 3.84E+07 3.12 2.12E+02
11.5 3.99E+07 3.24 2.24E+02
12.5 4.13E+07 3.35 2.35E+02
13.5 4.26E+07 3.46 2.46E+02
14.5 4.40E+07 3.57 2.57E+02
15.5 4.53E+07 3.67 2.67E+02
Tabie E.1.8: CO (grid depth = 20 m)
Extent (km) CO (ug/m^j Normalised CO % Bias CO
0.5 7.53E+06 1.00 O.OOE+00
1.5 1.32E+07 1.75 7.53E+01
2.5 1.66E+07 2.20 1.20E+02
3.5 1.92E+07 2.55 1.55E+02
4.5 2.14E+07 2.85 1.85E+02
5.5 2.34E+07 3.11 2.11E+02
6.5 2.52E+07 3.35 2.35E+02
7.5 2.69E+07 3.57 2.57E+02
8.5 2.84E+07 3.78 2.78E+02
9.5 2.99E+07 3.97 2.97E+02
10.5 3.14E+07 4.17 3.17E+02
11.5 3.28E+07 4.35 3.35E+02
12.5 3.41 E+07 4.54 3.54E+02
13.5 3.55E+07 4.72 3.72E+02
14.5 3.68E+07 4.89 3.89E+02
15.5 3.81 E+07 5.06 4.06E+02
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Table E.1.9: CO (grid depth = 30 m)
Extent (km) CO (ug/m^) Normaiised CO % Bias CO
0.5 5.29E+06 1.00 O.OOE+00
1.5 1.03E+07 1.94 9.44E+01
2.5 1.35E+07 2.55 1.55E+02
3.5 1.60E+07 3.02 2.02E+02
4.5 1.81 E+07 3.43 2.43E+02
5.5 2.01 E+07 3.79 2.79E+02
6.5 2.18E+07 4.12 3.12E+02
7.5 2.34E+07 4.43 3.43E+02
8.5 2.50E+07 4.72 3.72E+02
9.5 2.65E+07 5.00 4.00E+02
10.5 2.79E+07 5.27 4.27E+02
11.5 2.93E+07 5.54 4.54E+02
12.5 3.07E+07 5.80 4.80E+02
13.5 3.20E+07 6.05 5.05E+02
14.5 3.34E+07 6.30 5.30E+02
15.5 3.47E+07 6.55 5.55E+02
Table E.1,10: CO (grid depth = 40 m)
Extent (km) CO (ug/m^) Normalised CO % Bias CO
0.5 3.93E+06 1.00 O.OOE+00
1.5 8.35E+06 2.13 1.13E+02
2.5 1.14E+07 2.89 1.89E+02
3.5 1.38E+07 3.51 2.51 E+02
4.5 1.59E+07 4.05 3.05E+02
5.5 1.78E+07 4.52 3.52E+02
6.5 1.95E+07 4.96 3.96E+02
7.5 2.11 E+07 5.38 4.38E+02
8.5 2.26E+07 5.77 4.77E+02
9.5 2.41 E+07 6.14 5.14E+02
10.5 2.56E+07 6.51 5.51 E+02
11.5 2.70E+07 6.86 5.86E+02
12.5 2.83E+07 7.21 6.21 E+02
13.5 2.97E+07 7.56 6.56E+02
14.5 3.10E+07 7.89 6.89E+02
15.5 3.23E+07 8.23 7.23E+02
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Table E.1.11: CO (grid depth = 50 m)
Extent (km) CO (ug/m^) Normalised CO % Bias CO
0.5 3.01 E+06 1.00 O.OOE+00
1.5 6.78E+06 2.26 9.50E+01
2.5 9.55E+06 3.18 1.87E+02
3.5 1.18E+07 3.94 2.63E+02
4.5 1.38E+07 4.61 3.30E+02
5.5 1.57E+07 5.21 3.90E+02
6.5 1.73E+07 5.77 4.46E+02
7.5 1.89E+07 6.30 4.99E+02
8.5 2.04E+07 6.80 5.49E+02
9.5 2.19E+07 7.29 5.98E+02
10.5 2.33E+07 7.76 6.45E+02
11.5 2.47E+07 8.22 6.91 E+02
12.5 2.61 E+07 8.67 7.37E+02
13.5 2.74E+07 9.12 7.81 E+02
14.5 2.87E+07 9.56 8.25E+02
15.5 3.00E+07 10.00 8.69E+02
E.2. Emissions reduction
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Figure E.2.1 : Percentage reduction in NO2 concentrations with distance from centre
of road for base case B
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Figure E.2.2: Percentage reduction in NO2 concentrations with distance from centre
of road for base case B
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Figure E.2.3: Relationship between distance to NO2 concentration changes for base
case D
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Figure E.2.4: Relationship between distance to PM10 concentration changes for base
case D
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Figure E.2.5: Relationship between distance to NO2 concentration changes for base
case F
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Figure E.2.6: Relationship between distance to PM10 concentration changes for base
case F
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E.3. Miscellaneous 
E.3.1 Road widths
The following parameters were used in this parametric study;
• HDV flow = 500 veh/hr
• LDV flow = 5000 veh/hr
• DMRB 1999 emission factors for scenario year 1998
• Meteorological data from PG stability categories
• Chemistry scheme described by the Derwent-Middleton correlation
Table E.3.1: Width = 5 m
J>istance from centre of road (m) NOx(ug/m*) NO2 (ug/m*) PM10 (ug/m=)
0 212.04 69.95 11.60
5 157.03 56.61 8.49
10 128.22 50.71 6.83
15 110.40 46.35 5.82
20 97.21 42.66 5.09
25 86.85 39.43 4.52
30 78.43 36.58 4.06
35 71.31 34.01 3.67
40 65.19 31.68 3.35
45 59.83 29.56 3.06
50 51.20 26.21 2.60
Table E.3.2: Width = 10 m
Distance from centre of road (m). NOx(ug/m®) NO2 (ug/m®) PM10 (ug/m®)
0 193.79 67.61 10.52
5 165.68 57.13 9.01
10 130.31 50.39 6.97
15 110.10 45.83 5.82
20 95.50 42.02 5.00
25 84.25 38.73 4.37
30 75.18 35.81 3.87
35 67.68 33.21 3.47
40 61.38 30.87 3.13
45 55.98 28.77 2.84
50 48.70 26.07 2.45
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Table E.3.3: Width = 15 m
Distance from centre of road (m) NOx(ug/m=) NO2 (ug/m®) PM 10 (ug/m=*)
0 182.29 66.31 9.84
5 172.15 62.29 9.30
10 135.25 50.73 7.27
15 112.78 45.82 5.98
20 97.20 41.92 5.10
25 85.29 38.55 4.44
30 75.75 35.59 3.91
35 67.93 32.96 3.49
40 61.36 30.59 3.13
45 55.75 28.46 2.83
50 49.43 26.15 2.49
Table E.3.4: Width = 20 m
Distance from centre of road (m) NOx(ug/m®) NO2 (ug/m®) PM10 (ug/m®)
0 172.80 64.90 9.28
5 167.81 63.06 9.01
10 140.80 51.82 7.58
15 116.05 46.16 6.18
20 99.20 41.99 5.23
25 86.82 38.60 4.53
30 76.89 35.58 3.98
35 68.77 32.90 3.54
40 61.96 30.50 3.17
45 56.21 28.36 2.86
50 49.09 25.96 2.47
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Figure E.3.1 : NOx concentrations from the centre of the road for different road widths
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Figure E.3.2: NO2 concentrations from the centre of the road for different road widths
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Figure E.3.3: PMio concentrations from the centre of the road for different road widths
E.3.2 Canyon width-to-height ratio
The following parameters were used in this parametric study:
• HDV flow = 100 veh/hr
• LDV flow = 900 veh/hr
• DMRB 1999 emission factors for scenario year 1998
• Meteorological data from PG stability categories (concentrations were
predicted for each category, A to G)
• Chemistry scheme described by the Derwent-Middleton correlation
• Canyon widths (W) and canyon heights (H) investigated (Table E.3.5)
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Table E.3.5: Canyon widths and heights investigated
Width (m) Height (m) Width/Height
5 16 0.3
5 12 0.4
5 8 0.6
10 16 0.6
10 12 0.8
15 16 0.9
5 4 1.3
10 8 1.3
15 12 1.3
20 16 1.3
20 12 1.7
15 8 1.9
10 4 2.5
20 8 2.5
15 4 3.8
20 4 5.0
450
400 -
350 ♦  A
300 -
250 -
200
150 + + +
+ G100
Wind direction (degrees)
Figure E.3.4: W = 5 m, H = 16 m, W/H = 0.3, CO at 5 m
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Figure E.3.5: W = 5 m, H = 12 m, W/H = 0.4, CO at 5 m
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Figure E.3.6: W = 5 m, H = 8 m, W/H = 0.6, CO at 5 m
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Figure E.3.7: W = 10 m, H = 16 m, W/H = 0.6, CO at 10 m
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Figure E.3.8: W = 10 m, H = 12 m, W/H = 0.8, CO at 10 m
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Figure E.3.9: W = 15 m, H = 16 m, W/H = 0.9, CO at 15 m
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Figure E.3.10: W = 5 m, H = 4 m, W/H = 1.3, CO at 5 m
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Figure E.3.11: W = 10 m, H = 8 m, W/H = 1.3, CO at 10 m
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Figure E.3.12: W = 15 m, H = 12 m, W/H = 1.3, CO at 15 m
♦  A  
■ B
0 
X  D 
x E
•  F
+ G
Appendix E E-23
Traffic-related air pollutants in an urban area February 2004
450
400
350 ♦ A
300
250
X  D
X E200
150
+ G100 • ++ •
XX
Wind direction (degrees)
Figure E.3.13: W = 20 m, H = 16 m, W/H = 1.3, CO at 20 m
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Figure E.3.14: W = 20 m, H = 12 m, W/H = 1.7, CO at 20 m
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Figure E.3.15: W = 15 m, H = 8 m, W/H = 1.9, CO at 15 m
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Figure E.3.16: W = 10m, H = 4m , W/H = 2.5, CO at 10 m
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Figure E.3.17: W = 20 m, H = 8 m, W/H = 2.5, CO at 20 m
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Figure E.3.18: W = 15 m, H = 4 m, W/H = 3.8, CO at 15 m
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Figure E.3.19: W = 20 m, H = 4 m, W/H = 5, CO at 20 m
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E.3.3 Road elevation
The following parameters were used in this parametric study:
Road width = 10 m
HDV flow = 500 veh/hr
LDV flow = 5000 veh/hr
DMRB 1999 emission factors for scenario year 1998 
Meteorological data from PG stability categories 
Chemistry scheme described by the Derwent-Middleton correlation
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Figure E.3.20: % NOx changes with relation to distance from the centre of the road
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Figure E.3.21; % NOg changes with relation to distance from the centre of the road
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Figure E.3.22: % PMio changes with relation to distance from the centre of the road
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Figure E.3.23: % CO changes with relation to distance from the centre of the road
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F. Case  Studies
F.1. Base model
F.1.1 NO2
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Figure F.1.1: Test case 1 -  Base model
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Figure F.1.2: Test case 2 -  Canyon widths and heights
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Figure F.1.3: Test case 3 -  Road elevations
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Figure F.1.4: Test case 4 -  Residual emissions
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Figure F.1.5: Test case 1 -  Base model
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Figure F.1.6; Test case 2 -  Canyon widths and heights
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Figure F.1.7: Test case 3 -  Road elevations
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Figure F.1.8: Test case 4 -  Residual emissions
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Figure F.1.9: Test case 1 -  Base model
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Figure F.1.10: Test case 2 -  Canyon widths and heights
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Figure F.1.11: Test case 3 -  Road elevations
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Figure F.1.12: Test case 4 -  Residual emissions
F.2. Comparison with monitoring data
F.2.1 NOx and NO2
Table F.2.1 : Predicted NO2 concentrations with monitored diffusion tube data
S ite l 1 Site 2 | Site 3 |
m w iiiii Modelled Monitored| Modelled Monitored| Modelled Monitored|
Jan 67.58 52.94 43.43 41.96 65.67 17.98
Feb 76.09 61.93 61.80 30.97 64.98 9.99
Mar 67.20 47.95 40.58 39.96 63.33 37.96
Apr 54.25 37.96 48.93 52.94 49.90 26.97
May 62.49 66.93 57.63 47.95 58.58 26.97
Jun 47.77 55.94 40.27 24.97 42.79 25.97
Jul 58.10 67.93 46.39 25.97 50.28 21.98
Aug 64.67 58.94 53.36 25.97 57.43 15.98
Sep 58.86 77.92 53.60 34.96 55.61 19.98
Oct 61.30 51.94 53.07 45.95 56.04 18.98
Nov 67.74 48.95 60.93 43.95 63.82 22.98
Dec 57.99 45.95 55.15 27.97 56.49 18.98
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Figure F.2.1 : Comparison of monthly averages at Site 1
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Figure F.2.2: Comparison of monthly averages at Site 2
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Figure F.2.3: Comparison of monthly averages at Site 3
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Figure F.2.4: Predicted NO% concentrations
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Figure F.2.5: Predicted NOx and NOg concentrations
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Figure F.2.6: Predicted NOx to NO2 concentrations
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